(19) 



3 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(45) Date of publication and mention 
of the grant of the patent: 
07.05.2003 Bulletin 2003/19 

(21) Application number: 95304009.4 

(22) Date of filing: 09.06.1995 



(H) EP 0 686 491 B1 

EUROPEAN PATENT SPECIFICATION 

(51) Int CI 7: B29D 11/00 



(54) Consolidated contact lens molding 

Automatisiertes Spritzgiessen von Kontakt-Linsen 
Moulage automatise de lentilles de contact 



(84) Designated Contracting States: 

AT BE CH DE DK FR GB IE IT LI NL SE 

(30) Priority: 10.06.1994 US 258654 

(43) Date of publication of application: 
13.12.1995 Bulletin 1995/50 

(60) Divisional application: 
02078772.7/1 273 430 

(73) Proprietor: Johnson & Johnson Vision Care, Inc. 
Jacksonville, FL 32216 (US) 

(72) Inventors: 

• Martin, Wallace Anthony 
Orange Park, Florida 32065 (US) 

• Adams, Jonathan Patrick 
Jacksonville, Florida 32258 (US) 

• Andersen, FlnnThrige 
DK-2950 Vedbaek (DK) 

• Beaton, Stephen Robert 
Neptune Beach, Florida 32266 (US) 



m 

O) 

<a- 

CO 
00 
CO 

o 

CL 
LU 



• Christensen, Svend 
DK-3770 Allinge (DK) 

• Jensen, Allan G. 
DK-2970 Horsholm (DK) 

• Klndt-Larsen, Ture 
DK-2840 Holte (DK) 

• Lust, Victor 

Jacksonville, Florida 32257 (US) 

• Walker, Craig William 
Jacksonville, Florida 32224 (US) 

• Wang, Daniel Tsu-Fang 
Jacksonville, Florida 32225 (US) 

(74) Representative: Mercer, Christopher Paul et al 
Carpmaels & Ransford 
43, Bloomsbury Square 
London WC1 A 2RA (GB) 



(56) References cited: 
EP-A- 0183 324 
EP- A- 0 318 164 
GB-A- 1 516194 



EP-A- 0 227 365 
GB-A- 1 092 749 
GB-A- 2 235 406 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



EP 0 686 491 B1 



Description 

1. Field of the Invention . 

5 [0001] The present invention relates generally to the field of manufacturing ophthalmic lenses, especially molded, 
hydrophilic contact lenses, and more specifically, to a high speed, automated contact lens molding system for auto- 
matically producing ophthalmic lenses. 

2. Description of the Prior Art . 

10 

[0002] The molding of plastic lens blanks, for example for cutting to fit into spectacle frames, in a semi-automated 
manner is known. See United Kingdom patent no 1 092 749. 

[0003] The direct molding of hydrogel contact lenses is disclosed in U.S. Patent 4,495,313 to Larsen, U.S. Patent 
4,565,348 to Larsen, U.S. Patent 4,640,489 to Larsen et al., U.S. Patent 4,680,336 to Larsen et al. a U.S. Patent 

15 4,889,664 to Larsen et al., and U.S. Patent 5,039,459 to Larsen et al., all of which are assigned to the assignee of the 
present invention. These references disclose a contact lens production process wherein each lens is formed by sand- 
wiching a monomer between back curve (upper) and front curve (lower) mold sections carried in a 2 x 4 mold array. 
The monomer is polymerized, thus forming a lens, which is then removed from the mold sections and further treated 
in a hydration bath and packaged for consumer use. Hydration and release from the mold of this type of lens is disclosed 

20 in U.S. Patent 5,094,609 to Larsen, and U.S. Patent 5,080,839 to Larsen, both of which are assigned to the assignee 
of the present invention. 

[0004] At the present time, partially automated and semi-automated processes are used in the production of soft 
contact lenses, however, high production rates are not achievable, partly due to the strict process controls and tight 
tolerances necessary in the production of high quality contact lenses. European patent application EP 0 227 365 dis- 
ss closes a semi-automated process in which first and second mold portions are automatically aligned with each other. 
However seting up the apparatus initially as a manual operation. 

[0005] Typically, the molds for these lenses are formed, generally by injection molding, from a suitable thermoplastic, 
and the molds, usually in frames associating a number of such molds with support structure are shipped from a remote 
molding facility and stored for use in a production facility for manufacturing contact lens blanks. 

30 [0006] It is known that the use of lens molds maintained under normal atmospheric conditions leads to Inhibition of, 
and thus incomplete and non-homogenous curing of the reactive monomer composition at the surface of the lens, 
which in turn can adversely alter physical properties of the lens. This phenomenon has been traced to the presence 
of oxygen molecules in and on the lens mold surface, which is due to its inherent capability of the preferred polystyrene 
molding material to sorb quantities of oxygen. During molding, this oxygen can be released to the polymerization 

35 interface with the reactive monomer composition in amounts which exceed acceptable maximums as determined by- 
empirical testing. More specifically, the oxygen copolymerizes rapidly with the reactive monomer but the polymerization 
chain thus formed is readily terminated, the result being a decrease in rate of monomer reaction, the kinetic chain 
length, and the polymer molecular weight. The criticality of oxygen level and the difficulty of implementing effective 
control protocols may be appreciated by recognizing that the level of oxygen at the reactive monomer/mold interface 

40 must be controlled to approximately 300 times less than the concentration of oxygen in air (3 x 1fr 3 moles/liter). 

[0007] This recognized problem has been addressed in the art by careful but time consuming and laborious precon- 
ditioning of the molds utilizing chambers evacuated to approximately 1 torr and maintained in this condition for a period 
of not less than 6-1 2 hours. Any interruption of the work cycle such as might be caused by a power interruption requires 
reinitiation of the conditioning treatment. 

45 [0008] Even brief exposure of the molds to air after degassing, as in normal manufacturing handling is detrimental; 
it has been learned that even a one minute exposure to air results in sufficient absorption of oxygen to require 5 hours 
degassing to reacquire an acceptable condition. Accordingly, a degassing operation immediately proximate the man- 
ufacturing line, particularly for large volume transfers of molds with different exposure times was deemed impractical, 
and no real improvement over the present system. 

so [0009] The problem is complicated by the fact that the front and back curves of the juxtaposed mold sections exhibit 
different thicknesses, leading to potentially different exposure of the reactive monomer composition to oxygen across 
the surfaces of varying cross-sections which could result in distortion of the lens and degradation of its optical properties. 
Thus, the concentration distribution of oxygen in the respective mold sections or halves remains symmetrical for short 
degas times, but becomes progressively less symmetrical for longer degas times, and the anomaly can cause uneven 

55 cure and different properties between the front and rear surface. For example, the convex male mold may be degassed 
within about 2 hours, whereas the concave female mold may not be entirely degassed even after 10 hours. 
[0010] The commercial demand for soft contact lenses has dictated the development of continuous or at least sem- 
icontinuous manufacturing lines. The criticality of manufacturing specifications in turn demands automated handling 
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of the lens manufacturing operation. 

[0011] Another problem specific to the production process used to produce contact lenses in accordance with the 
teachings of the foregoing patents is that the mold portions are surrounded by a flange, and the monomer or monomer 
mixture is supplied in excess to front mold curve prior to the mating of the mold halves. After the mold halves are placed 
5 together to define the mold cavity, the mold is weighted and the excess monomer or monomer mixture is expelled from 
the mold cavity into the space between the flanges. Upon polymerization, this excess monomer or monomer mixture 
forms a waste by product known in the art as a HEMA ring (when hydroxyethylmethacrylate monomer is used) which 
must be removed to avoid contaminating the production line or the packaged lenses. 

[0012] In these prior art processes, corona discharge devices are at times utilized to create an adhesion zone on 
10 the underside of the back curve mold half, to thereby cause the HEMA ring to preferentially adhere to the back curve 
at the time the mold haves are separated. 

[0013] The prior art process for separating the mold halves and removing the lens consists of preheating, heating, 
prying and removal. Hot air provides the heating, mechanical leverage the prying, and the removal of the HEMA ring 
is manual. Heating the mold by convection is not an efficient heat transfer technique. From the time a mold array enters 

15 the heating apparatus until the back curve mold half is completely removed requires on the order of one minute. 

[0014] The present method for removing the lens is to apply heat to the back curve mold half by means of a heated 
air stream. The heating is done in two stages: a preheat stage and a heat/pry stage. In the heat/pry stage, the mold is 
clamped in place and pry fingers are inserted under one side of the back curve of the mold, and an upward pry force 
is applied during the heating cycle. When the required temperature has been reached, the back curve mold portion 

20 breaks free and one end is lifted by the pry finger and the mold half is removed. The remaining mold and lens is then 
removed from the heating and prying station, where remnants of the HEMA ring are removed manually. The temperature 
gradient achieved in the convection heating of the lens is relatively small, since the time it takes to heat the back curve 
mold half enables significant conductive heating of the lens, thereby decreasing the gradient, and making separation 
of the molds difficult. Adding more heat to the lens mold at separation only causes the back curve mold to soften and 

25 impair efficient mechanical removal. Finally, manual removal of the remnants of the HEMA ring is labor intensive and 
costly. 

[0015] While the aforesaid production processes have some efficacy in the production of soft contact lenses they 
suffer a number of disadvantages which have hindered the development of a high speed automated production line. 
When mold frames are demolded in large batch processes, a power outage at the wrong time can effectively shut the 
30 entire production line down for many hours after restoration of power, while a batch of frames is degassed and readied 
for production. In the alternative, expensive control systems are required to protect partially degassed frames during 
a power outage. 

[0016] Further, the use of large mold arrays can cause registration problems for precision automated machinery if 
the polystyrene frame is distorted in any way. 

35 

SUMMARY OF THE INVENTION 

[0017] The invention involves the improved manufacture of lens blanks for soft contact lenses and more particularly 
to subsystem stations, operations, procedures and protocols implemented in a continuous or at least semi-continuous 
40 automated manufacturing line to provide high speed, high volume production with a reduced number of defective lenses 
or lenses of impaired physical or optical characteristics. 

[0018] The invention includes a method implemented by associated apparatus according to a protocol to control 
oxygen levels at the interface between the lens mold blank and the reactive monomer composition within levels for 
reliable production of lenses of acceptable optical quality under optimum manufacturing conditions, thereby substan- 
45 tially reducing defect levels. 

[001 9] It is therefore an object of the present invention to greatly minimize the exposure of the monomer or monomer 
mixture to atmospheric conditions, particularly oxygen, and to reduce the amount of dissolved oxygen in the monomer 
or monomer mixture used to produce the lenses. 

[0020] It is also an object of the present invention to incorporate a completely automated production line system for 
so automatically transporting contact lens mold portions throughout the contact lens filling, precuring, polymerizing, and 
demolding stations in a fast, efficient and precise manner. 

[0021] Another object of the present invention is to provide a high speed apparatus for removing fragile front and 
back curve mold halves from a mold in which those articles are made, and then transporting those halves to and 
depositing those halves in a high speed, automated manufacturing system, in a low 0 2 environment. 
55 [0022] A further object of this invention is to transport polystyrene mold halves from a mold in which those halves 
are made, and into a low oxygen environment of an automated contact lens molding system, in less than 15 seconds. 
[0023] These and other objectives are attained with an apparatus according to claim 1 and a method according to 
claim 96, Further features of preferred embodiments are defined in the dependent claims. 
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[0024] It is still another object of the present invention to incorporate in an automated contact lens production line 
facility, an automated pallet system wherein a carrier pallet is provided that can receive both front curve lens mold 
portions and back curve lens mold portions prior to the formation of a lens mold assembly. 

[0025] Specifically, the contact lens pallet system comprises a pallet for carrying and protecting the optical surface 

5 of one or more contact lens mold assemblies throughout an automated contact lens production line, the pallet having 
one or more first recesses formed in a surface thereof for receiving an individual contact lens mold assembly, the 
contact lens mold assembly comprising a first front curve mold half and a complementary second back curve mold half. 
[0026] It is an object of the present invention to provide an apparatus for filling and assembling mold halves for a 
contact lens which includes a first automated station for receiving a plurality of front curve contact lens mold halves, 

10 carried in a unique pallet carrier, which are then filled with a predetermined amount of a polymerizable monomer or 
monomer mixture. The apparatus also includes a second automated station which provides a coating of surfactant on 
a portion of the front curve lens mold part to provide for preferential adhesion of any excess hydrogel to a back curve 
mold part. The apparatus further includes a third automated station for sequentially receiving a plurality of back curve 
mold parts, removing the back curve mold parts from the carrier pallet, and then receiving and registering the back 

15 curve mold parts with a plurality of front curve mold parts which were previously filled with the polymerizable monomer 
or monomer mixture. A vacuum is first drawn about the mold parts, and then the back curve is assembled with the 
front curve and weighted or clamped to displace any excess monomer from the mold cavity and to firmly seat the back 
curve mold part against a parting edge formed on the front curve mold part. The assembly is accomplished under 
vacuum to speed the assembly of the mold and to avoid the formation of gas bubbles from any gasses that might 

20 otherwise be trapped between the mold parts at the time of mold assembly. 

[0027] It is also an object of the present invention to provide an apparatus and a method for procuring a polymerizable 
monomer or monomer mixture to form a soft contact lens in a mold which enables a more uniform cure for the lens 
during the cure step, and which reduces "puddling" or cavitation of the lens from the mold during cure. The mold halves 
are transported from the mold filling and mold assembly station to a precure station, where they are clamped together 

25 under predetermined pressure for a predetermined period of time in a low oxygen environment. The second or convex 
mold half is thinner than the first or concave mold halves to enable mold compliance during cure as the monomer or 
monomer mixture is polymerized. The clamping pressure aligns flanges formed on the first and second mold half to 
ensure that the flanges are parallel and that the respective curves of the molds are aligned. The clamping pressure 
also seats the back curve mold half against an annular edge formed on the front mold half to essentially sever any 

30 excess monomer from the monomer contained within the mold cavity, thus ensuring the best possible lens edge quality. 
[0028] After a predetermined clamping period, the monomer or monomer mixture is exposed to actinic radiation, 
such as a UV light source, to partially cure the monomer or monomer mixture to a gel state. After a second predeter- 
mined period of exposure under clamping pressure, the clamping action and the UV radiation are removed, and the 
partially precured gel like lens is then transported in the mold through an extended curing station for complete polym- 

35 erization and cure, 

[0029] It is also an object of the present invention to provide methods and apparatuses that can easily and repeatably 
separate the contact lens mold portions having a contact lens formed therebetween without damaging the lens. 
[0030] It is a further object of the present invention to provide a method and apparatus for separating a back curve 
mold from a front curve mold wherein a significant temperature gradient is created between the back curve mold and 
40 the contact lens contained in a cavity formed between the two mold portions. 

[0031] It is another object of the invention to create this temperature gradient without excessive environmental heating 
or waste of energy through the use of laser beams or high energy steam nozzles. 

[0032] It is another object of the present invention to provide an automated means to mechanically and reliably pry 
the mold halves apart in a consistent and reliable manner to thereby enhance the production of defect free lenses, and 

^5 minimize the tearing of the lens or the breakage of the lens mold parts. 

[0033] It is another object of the present invention to provide a method of controlling which mold half the lens sticks 
to by controlling the temperature gradient and pressure applied to the assembled mold during lens demolding. 
[0034] Further benefits and advantages of the invention will become apparent from a consideration of the following 
detailed description given with reference to the accompanying drawings, which specify and show preferred embodi- 

50 ments of the invention. 

[0035] Aspects and preferred features of the contact lens manufacturing system in part described and claimed herein 
are set out in copending contemporaneously filed cases VTN-73, VTN-75, VTN-77, VTN-78, VTN-79, VTN-80, VTN- 
82, VTN-83, VTN-85 and VTN-87 (see items 1,3,5,6,7,8, 10, 11 , 13 and 15, on the attached Concordance). 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] The foregoing objects and advantages of the present invention for a contact lens production line pallet system 
may be more readily understood by one skilled in the art with reference being had to the following detailed description 
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of several preferred embodiments thereof, taken in conjunction with the accompanying drawings wherein like elements 
are designated by identical reference numerals throughout the several views, and in which: 

Figure 1 is a flow diagram of the continuous process for contact lens production, including molding, treatment and 
5 handling of the molds and contact lenses in a low oxygen environment. 

Figure 2 is a top elevational planar view of the production line system constructed according to the present inven- 
tion; 

Figures 3 and 3(a) are respectively, a top or planar view and an elevation or side view of one embodiment of a 
first (female) or front curve mold half molded pursuant to the present invention; 
10 Figure 3(b) is an enlarged detail of a portion of Figure 3(a). 

Figures 4 and 4(a) are respectively a top or planar view and an elevation or side view of one embodiment of a 
second (male) or back curve mold half molded pursuant to the present invention; 

Figure 5 is an enlarged cross-sectional view of a pair of assembled mold halves supported and registered in a 
pallet cavity. 

15 Figure 6 is a cross-sectional view of a typical production line conveyor and a clamp apparatus used to pause pallet 

movement. 

Figure 7(a) is a top plan view of a production line pallet carrier, used to transport a plurality of contact lens molds 
throughout the contact lens production facility; 

Figure 7(b) is a side elevational view of the production line pallet carrier illustrated in Figure 7(a); 
20 Figure 7(c) is a bottom plan view of the production line pallet carrier illustrated in Figure 7(a). 

Figure 8(a) is a simplified plan view of the first section of an automated line for the molding of contact lenses, and 
includes diagrammatic plan views of the injection apparatus and robotic material handling devices used to prepare 
and transfer mold halves for the lenses to be molded; 

Figure 8(b) is a simplified plan view of a second section of the automated line for molding contact lenses, which 
25 illustrates the filling and assembly stations and a precure station utilized in the practice of the present invention; 

Figure 8(c) is a simplified plan view of a third section of the automated line for molding contact lenses, which 
illustrates the curing ovens for the lenses; 

Figure 8(d) is a simplified plan view of a fourth section of the automated line for molding contact lenses, which 
illustrates the demolding station for the lenses. 
30 Figure 9 is a simplified diagrammatic view of a monomer degassing and pumping system utilized in the present 

invention. 

Figure 10(a) is a diagrammatic illustration of a front curve mold half being filled with monomer pursuant to the 
present invention; 

Figure 10(b) is a diagrammatic illustration of the application of a mold release surfactant to a portion of the front 
35 curve mold half; 

Figure 10(c) is a diagrammatic illustration of the transfer of the back curve mold half pursuant to the method of the 
present invention; 

Figure 10(d) is a diagrammatic illustration of the mold assembly and clamping step used in the method of the 
present invention. 

40 Figure 10(e) is a diagrammatic flow chart of the method of filling and assembling the mold halves of the present 

invention. 

Figure 11 is a partially cross-sectioned side view of the filling module used for depositing a predetermined amount 
of monomer or monomer mixture in each of the mold cavities. 

Figure 12 is a partially cross-sectioned elevation view of a stamping station for the application of a surfactant to a 
45 stamping head and thereafter for the deposition of a film of the surfactant onto a surface portion of the front mold 

half. 

Figure 13 is a diagrammatic time line illustration of the assembly step of the present invention. 
Figure 14(a) is a diagrammatic side view of the exterior of the assembly module of the present invention; 
Figure 14(b) is a partially cross-sectioned side view of the assembly module illustrated in Figure 8(a). 
50 Figure 15 is a diagrammatic and partially cross-sectioned illustration of the dosing or filling station of the present 

invention illustrating the vacuum interconnections to the reciprocating filling module. 

Figure 1 6 is a diagrammatic and partially cross-sectioned illustration of the assembly station of the present invention 
illustrating the vacuum supply lines for the reciprocating assembly station. 

Figure 1 7 is a partially cut away elevation view of one of the embodiments for precuring a polymerizable monomer 
55 or monomer mixture to form a soft contact lens. 

Figure 18(a) is a diagrammatic illustration of one embodiment of the present invention which uses an air driven 
clamp for clamping the mold halves together; 

Figure 18(b) is a diagrammatic illustration of a second embodiment of the present invention which uses a spring 
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driven clamp for clamping the mold halves together. 

Figure 1 9 is a partially cross-sectioned elevation view of a reciprocating portion of one embodiment of the present 
invention suitable for precuring a polymerizable monomer or monomer mixture to form a contact lens. 
Figure 20 is an end elevational view of the apparatus illustrated in Figure 19. 
5 Figure 21 is an elevational end view of a second embodiment of the present invention used to precure a polym- 

erizable monomer or monomer mixture to form a soft contact lens. 
Figure 22 is an elevational side view of the apparatus illustrated in Figure 21 . 

Figure 23 is a partially cross-sectioned view of one of the polymerization or curing units illustrated in Figure 8(c). 
Figure 24 is a diagrammatic and isometric view of one embodiment of the demolding apparatus used to demold 
10 the mold assembly in the laser demolding embodiment of the present invention. 

Figure 25 is a schematic diagram of an optical train used in a laser embodiment of the invention. 

Figure 26(a) is a planar view of the front curve retaining means used in the laser demolding embodiment of the 

present invention; 

Figure 26(b) is a partially cross-sectional view of a portion of the laser demolding embodiment illustrating the front 
15 curve retaining guides. 

Figures 27(a)-(c) are, respectively, a first elevation view, a top or plan view and a side elevation view of the laser 
demolding apparatus of the present invention. 

Figure 28 is a partially cross-section elevation view of a walking beam transport means that may be used to provide 
precise positioning of the pallet of Figure 7. 
20 Figure 29 is a diagrammatic side view showing generally two sets of pry fingers that separate to lift a back curve 

lens mold from a front curve lens mold. 

Figures 30(a)-(d) illustrate in detail the sequence of steps for separating a back curve mold half from a front curve 
mold half of a plurality of contact lens molds in a second embodiment of the demolding station of the present 
invention; wherein 

25 Figure 30(a) illustrates the device with the steam nozzles engaging the mold parts and the pry fingers engaging 

the mold flanges; 

Figure 30(b) illustrates the retraction of the steam nozzles, and engagement of the suction cup assembly; 
Figure 30(c) illustrates the upward pry motion of the assembly to remove the back curve mold part from the front 
curve mold and molded lens; 

30 Figure 30(d) illustrates the retraction of the pry fingers to allow removal of the back curve mold parts by the suction 

assembly, and advancement of the pallet containing the partially demolded lenses. 

Figure 31 is a partial plan view of the demolding assembly illustrating two sets of pry fingers for each of the pallets 
conveyed on a pair of conveyors. 

Figure 32 is a detailed elevational view of a steam discharging apparatus that may be used with the present 
35 invention. 

Figure 33 is a detailed cross-sectional view of the nozzle for discharging steam against the back curve lens mold 
surface. 

Figure 34 is a top plan view of the steam discharge manifold of the apparatus illustrated in Figure 32 for distributing 
steam to each of the nozzle assemblies of the steam discharging apparatus. 
40 Figure 35 is a top plan view of the condensate manifold of the apparatus illustrated in Figure 32 for venting excess 

steam pressure during steam impingement to regulate the amount of steam discharged to the back curve lens 
mold surface. 

Figure 36 is a detailed cross-sectional view of the steam intake valve of the steam discharge apparatus illustrated 
in Figure 32. 

45 Figure 37 illustrates in a top or plan view the suction cup assembly useful in the demolding station illustrated in 

Figure 30. 

Figure 38 illustrates a side elevation view of the suction cup assembly illustrated in Figure 37. 
Figure 39 illustrates a front elevational view of the suction cup assembly illustrated in Figure 37. 

50 DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0037] In accordance with the present invention, lens mold blank preparation is integrated with lens blank manufac- 
ture to minimize the time of exposure of lens blank molds to oxygen prior to implementation of the curing stage. Given 
that even a one minute delay between filling (introduction of the reactive monomer composition to the cavity of the 
55 concave lens mold section) and curing would require five hours of degas to achieve a target minimum of 1 x 1 0' 8 moles/ 
cm 3 concentration of oxygen at the reactive monomer/mold interface, the facility of in line preparation of the lens mold 
blanks will be appreciated. 

[0038] Reduction in oxygen levels is thus achieved not by degas alone, as practiced in the prior method, but in the 
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high temperative conditions obtained in the molding equipment, and the fresh molding of a fully degassed mold blank 
which is as soon as possible blanketed in an inert gas such as nitrogen for further handling through filling, precure and 
final cure. 

[0039] It has been determined that a key parameter in controlling oxygen levels at the mold interface is the diffusivity 
5 of oxygen into and from the mold surface in response to ambient conditions, and thereafter to and into the mold/reactive 
monomer composition. Molded lens molds readily accept via adsorption and absorption mechanisms an unacceptably 
high level of retained but migratable oxygen relative to the sensitivity of the reactive monomer composition, particularly 
in the case of the preferred polystyrene mold component. For the purpose of this application, both adsorption and 
absorption mechanisms are summarized by the use of the term absorption. The migration of oxygen responds to 
10 concentration such that when a mold is subjected to a vacuum, it will migrate at applicable diffusion rates to the lesser 
concentration, in this instance the vacuum. Naturally, the surface of the mold will be the last portion to fully degas, 
leading to the unacceptably long degas times for conditioning pretreatment. For similar reasons, readsorption of oxygen 
will occur at the surface, and reequilibration to the interior will again be controlled by diffusion rates in the mold material, 
hence any exposure to the atmosphere will rapidly result in unacceptably high levels of oxygen at the mold interface, 
15 which only relatively extensive conditioning treatment will resolve, as a portion of the surface situated oxygen will diffuse 
to the oxygen poor interior, and then must be reacquired to the surface prior to elimination to the vacuum, or inert gas 
medium. 

[0040] The recognition that diffusion of sorbed oxygen from the interior of the lens mold could lead to disruption of 
lens quality even where surfaces had been swept of residual oxygen, thus lead to a further modification of processes 

20 for the handling of lens mold for and through the molding process. Specifically, every exposure of the lens mold to the 
atmosphere could be expected to lead to further sorption of oxygen which would diffuse in part to the interior of the 
part. In consequence, surface flushing with nitrogen alone, without diffusion time, would not be sufficient to avoid 
molding problems derivative from the presence of oxygen, as in an oxygen starved inert atmosphere, the oxygen stored 
in the interior of the lens mold would readily and relatively rapidly desorb to the surface. Then, once the mold was filled 

25 with reactive monomer, no amount of flushing would resolve the problem. 

[0041] It was then realized that for every atmospheric exposure, the lens mold would optimally be wholly degassed, 
hence only by minimizing the time of such exposures, and holding the lens mold under nitrogen for a time to permit 
essentially complete degassing could the problem be resolved satisfactorily. According to the invention, the injection 
molding operations previously performed off-site are physically integrated into the contact lens manufacturing line. 

30 With the high temperature and pressure of the mold equipment, the initially high oxygen levels on the pelletized feed 
are efficiently cleared and the fresh surfaces formed in the molding process are readily and preferentially purged of 
residual oxygen. The pelletized feed may also be degassed with nitrogen in the hopper of the injection mold. 
[0042] While the preferred mold material is polystyrene, the molds can be made from any thermoplastic material 
which is suitable for mass production which can be molded to an optical quality surface, which is transparent to the 

35 radiation used for polymerization and which has mechanical properties which will allow the mold to maintain its critical 
dimensions under the process conditions employed in the process discussed in detail below. Examples of suitable 
thermoplastic materials include polyolefins such as low, medium, and high density polyethylene, polypropylene, includ- 
ing copolymers thereof; poly-4-methylpentene; and polystyrene. Other suitable materials are polyacetal resins, poly- 
acrylethers, polyarylether sulfones, nylon 6, nylon 66 and nylon 11. Thermoplastic polyesters and various fluorinated 

40 materials such as the fluorinated ethylene propylene copolymers and ethylene fluoroethylene copolymers may also 
be utilized. 

[0043] It has been found that with the need for a high quality, stable mold and especially for the use of a plurality of 
molds in high volume operations the choice of material for the molds is significant. In the present invention the quality 
of production is not assured by individual inspecting and sorting each lens for power and curvature. Instead the quality 

45 is assured by keeping the dimensions of each individual mold member within very tight tolerances and processing 
molds in particular sequential steps to give all lenses equal treatment. Since polyethylene and polypropylene partly 
crystallize during cooling from the melt there is a relatively large shrinkage giving dimensional changes difficult to 
control. Thus, it further has been found that the most preferred material for the molds used in the present process is 
polystyrene which does not crystallize, has low shrinkage, and can be injection molded at relatively low temperatures 

50 to surfaces of optical quality. It will be understood that other thermoplastics, including those mentioned above, may be 
used provided they have these same properties. Certain copolymers or blend of polyolefins that exhibit these desirable 
characteristics are also suitable for the present purposes as are polystyrene copolymers and blends having such char- 
acteristics, as described more fully in U.S. Patent No. 4,565,348. 

[0044] For efficiency, ease of operation, and cycle times, injection molding devices are preferred. The cycle time for 
55 purposes of an automated operation is minimized, wherein average material throughput is as little as 3 to 12 seconds 
and preferably 6 seconds is achieved under inventive conditions during which the material is heated to a thermoplastic 
condition, extruded into the molds and ejected or removed from the mold. However, the maximum manifold temperature 
of 270-280°C is achieved only for a fraction of the material throughput time, and the mold temperature is 215-220°C, 
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hence it was surprising that the injection mold operation was found capable of delivering essentially fully degassed 
mold sections in each cycle. 

[0045] Unlike prior practice as described in U.S. Patent No. 4,565,348, the mold is designed to produce fully formed 
lens mold parts directly, that is without associated support structure such as a frame; there is in consequence no need 

s to dissociate the part from unneeded polymer material on demolding, and the lens mold parts may be directly collected 
by automated robotic means for delivery to the transport means. In any given cycle, any number of mold parts may be 
prepared but for convenience of handling, typically 8 lens mold parts of concave or convex configuration are prepared 
in a given cycle and transferred by automated robotic means to a pallet of aluminum or stainless steel in which they 
are received and supported in a regular spatial array adapted for further operations. 

10 [0046] As illustrated in Figures 1 and 2 injection molds #1 and #2, shown at steps 101 and 102 in the flow diagram 
of Figure 1 , mold respectively front curve and back curve lens mold parts or sections, in matched sets; they may be 
located in tandem as shown in Figure 2 or to shorten exposure to the atmosphere still further, they may be located in 
a common plane intersecting a bifurcated transport line, even perpendicularly oriented thereto in the same plane. 
[0047] Robotic means 1 03,1 04 are provided adjacent the mold registry and engagement station for receiving concave 

15 and convex lens molds respectively and transferring said mold part to a low oxygen environment at a high production 
cycle rate, as noted at step 105. 

[0048] In the course of or following complete degassing of the lens mold sections as indicated at 106 in Figure 1, 
the pallets containing concave and convex lens mold sections are ordered into interleaved relation and degassed on 
enclosed infeed conveyor such that automated equipment may effect their operative interengagement into molding 
20 relation. 

[0049] The sequencing conveyor 32 including the interleaving station 40 is enclosed and pressurized over its entire 
length with an inert gas, conveniently nitrogen. The amount of nitrogen is not critical, it being suitable to use just enough 
nitrogen pressure to effectively exclude the atmosphere under the operating conditions experienced. In the nitrogen 
tunnel surrounding sequencing conveyor 32 the freshly prepared lens mold blanks are degassed as indicated at step 
25 106 in Figure 1 . 

[0050] The concave lens molds are filled with the reactive monomer composition at step 107 and the concave and 
convex lens molds are placed into registry and urged into complementary molding relation. The filling and assembly 
zone 50 surrounds a portion of the conveying or transport means 32, which delivers to the zone pallets of concave and 
convex lens mold sections, respectively, and at the terminus of the zone carries pallets of paired and filled molds to 
30 the precure zone. The filling and assembly zone illustrated in Figure 2 at 50 is defined by a geometrically appropriate, 
transparent enclosure, generally of rectangular cross-section, formed of any suitable thermoplastic or metal and ther- 
moplastic construction. 

[0051] As illustrated at 1 07 in Figure 1 , the concave lens mold sections are filled with degassed monomer composition 
from step 108, and then transported to an assembly module having a vacuum chamber formed intermittently within 

35 the nitrogen tunnel in which filled concave lens molds are engaged with convex mold sections in vertical alignment 
and in mating relation, such that the reactive monomer composition is trapped between the optical surfaces of the 
respective mold sections and at least partially sealed by the engagement of the parting edge formed peripherally in 
each of the lens mold sections. The vacuum is released and the mated mold is passed through nitrogen to the precure 
station, an integral part of the nitrogen tunnel. 

40 [0052] As will hereinafter be explained in detail, the vacuum chamber is formed upon and about a single pallet by 
the periodic reciprocable motion of apparatus also comprising means for alignment of the seating of the convex mold 
sections upon the concave mold sections so their axes of rotation are collinear and their respective flanges are parallel. 
Upon sealing engagement with the pallet the thus formed chamber is evacuated in order to ensure that no gas bubbles 
are entrapped between and upon the respective optical molding surfaces. The degree of vacuum is selected for the 

45 purpose of speeding the assembly of mold parts and removing any gas bubbles at the monomer/mold interface that 
might otherwise be entrapped in the course of closure between the complementary mold sections. 
[0053] Following assembly of the mold parts, the incipient lens monomer is precured at step 109 in the precure 
module 60 of the present invention. The process of the precure involves clamping the mold halves in registration and 
then precuring the monomer-or monomer mixture to a gel like state. 

so [0054] Following precure, the polymerization of the monomer or monomer mixture is completed in curing tunnel 75 
as indicated at step 110 as will be hereinafter explained in detail. 

[0055] Following complete polymerization, the lenses are demolded by heating the back curve mold and then prying 
from the front curve and mold in the demold assembly 90 as indicated at step 111. Finally, the lens is hydrated, inspected 
and packaged as indicated at step 112. 
55 [0056] Thus, the invention permits the generation of high optical quality soft contact lenses in volume and at high 
speed, with a low defect count. 

[0057] Referring to Figures 1 and 2, the first and second injection molds 101(a) and 102(a) are continuously cycled 
to periodically produce (generally, from 3 to 1 2 seconds, and preferably, about 6 seconds) sets of concave and convex 
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lens mold parts or sections which are collected from molds at the end of each cycle. In the geometric configuration 
obtaining, (and preferred for better manipulative exchange) the mold upon opening for demolding present the finished 
lens mold parts in or close to the vertical plane, generally -5 to 1 0° from the vertical. As illustrated in Figure 2 and noted 
at step 1 05 in Figure 1 , a plurality of fingers of the articulated robotic means 1 03, 1 04 gently engage and receive the 
5 set of molds and while maintaining same in essentially the same spatial relation, rotates them from a plane generally 
perpendicular to the transport line through 90° to a parallel plane above the transport means while simultaneously or 
sequentially rotating toward and engaging the horizontal plane of the transport line, and releases the mold parts into 
registry with carrier pallets on conveyor means indicated generally at 27,29 in Figure 2. 

[0058] The robotic transporting assemblies generally depicted at 103,104 in Figure 2, deposit the back curve mold 
10 parts directly on a production line pallet that has been momentarily paused by a clamping means. 

[0059] As will be hereinafter explained with reference to Figure 8(a), the front curve mold parts or halves are removed 
form the injection mold 10(a) in an inverted orientation to avoid any possible contact with the optical surface of the 
mold half. The front curve halves are then inverted by another robotic transfer device and deposited on a stationary 
pallet therebelow. 

15 [0060] After receiving the sets of mold parts, the pallets are advanced by the belt conveyors 27,29, in the direction 
indicated by the arrows in Figure 2 into a low oxygen environment, generally indicated by housing means 24. Housing 
means 24 is pressurized with N 2 as indicated, and may optionally be equipped with air lock means at each entry and 
egress point of the low oxygen environment. 

[0061] Figures 3 and 3(a) illustrate respectively top elevational and side views of one embodiment of a first or front 

20 mold half 1 0 useful in the production of a contact lens by the polymerization of a monomer or monomer mixture in a 
mold assembly composed of two complementary front and base mold halves. The front mold half 10 is preferably 
formed of polystyrene but could be any suitable thermoplastic polymer such as mentioned hereinabove which is suf- 
ficiently transparent to ultraviolet or visible light to allow irradiation therethrough with light to promote the subsequent 
polymerization of a soft contact lens. Alternatively, other forms of radiant energy could be used providing the front mold 

25 half is transparent to that form of energy. A suitable thermoplastic such as polystyrene also has other desirable qualities 
such as being moldableto surfaces of optical quality at relatively low temperatures, having excellentflow characteristics 
and remaining amorphous during molding, not crystallizing, and having minimal shrinkage during cooling. 
[0062] The front mold half 1 0 defines a central curved section with an optical quality concave surface 15, which has 
a circular circumferential parting edge 14 extending therearound. The parting edge 14, shown in enlarged detail in 

30 Figure 3(b), is desirable to form a sharp and uniform plastic radius parting line (edge) for the subsequently molded soft 
contact lens. A generally parallel convex surface 16 is spaced from the concave surface 15, and an annular essentially 
uniplanar flange 1 8 is formed extending radially outwardly from the surfaces 1 5 and 1 6 in a plane normal (perpendicular) 
to the axis (of rotation) of the concave surface 1 5. The concave surface 1 5 has the dimensions of the front curve (power 
curve) of a contact lens to be produced by the front mold half, and is sufficiently smooth such that the surface of a 

35 contact lens formed by polymerization of a poiymerizable composition in contact with the surface is of optically accept- 
able quality. The front mold half is designed with a thinness (typically 0.8 mm) and rigidity effective to transmit heat 
therethrough rapidly and to withstand prying forces applied to separate the mold half from the mold assembly during 
demolding. 

[0063] The front mold half or curve thickness was reduced from 1 .5 mm in prior designs to 0.8 mm. This has a direct 
40 impact on cycle time reduction. 

[0064] Figures 4 and 4(a) illustrate respectively top elevational and side views of one embodiment of a second, or 
back curve mold half 30. The back curve mold half is designed with all of the same design considerations mentioned 
hereinabove with respect to the front curve mold half 1 0. 

[0065] The back curve mold half 30 is also preferably formed of polystyrene but could be any suitable thermoplastic 
45 such as those mentioned hereinabove which is transparent to visible or ultraviolet light. The back curve mold half 30 
defines a central curved section with an optical quality convex surface 33, a generally parallel concave surface 34 
spaced from the convex surface 33, and an annular essentially uniplanar flange 36 formed extending radially outwardly 
from the surfaces 33 and 34 in a plane normal to the axis (of rotation) of concave surface 34. The convex surface 33 
has the dimensions of the rear curve (which rests upon the cornea of the eye) of a contact lens to be produced by the 
50 base mold half, and is sufficiently smooth such that the surface of a contact lens formed by polymerization of a poiym- 
erizable composition in contact with the surface is of optically acceptable quality. The base mold half is designed with 
a thinness (typically 0.6 mm) to transmit heat therethrough rapidly and rigidity effective to withstand prying forces 
applied to separate the mold half from the mold assembly during demolding. 

[0066] The base curve is designed with a base curve sag of 5.6 mm (see Figure 4(a) for the predetermined sag, 
55 dimension H Y"). The base curve sag and thickness of 0.6 mm serves two purposes: 

1 . The base curve sag results in a gap of 1 .5 mm - 3.0 mm between the assembled base curve and front curve, 
which assists in mechanically removing the base curve from the front curve matrix after polymerization which forms 
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a contact lens. 

2. With a part thickness on the order of 0.6 mm, the base curve reduces the occurrence of weld lines on the distal 
side of the flange (where two melt flows converge) which could detrimentally cause a fracture line on the base curve. 

5 [0067] The mold halves 1 0,30 define generally triangular tabs 26,37 integral with the flange which project from one 
side of the flange. The tab 37 extends to the injection hot tip which supplies molten thermoplastic to the mold, and also 
defines therein an angled (e.g., 45°) web sections 22,38 for smoothing the flow of the polymer wave front and thus to 
avoid jetting, sink marks, weld lines and other undesirable flows which would impair the optical quality of the mold half. 
The mold halves 10,30 also define a small circular projections 25,35 which serve as traps in the molding process to 

10 immobilize small plugs of colder polymers that may form at the injection hot tip between cycles. 

[0068] The monomer and monomer mixtures to which this process may be directed include copolymers based on 
2-hydroxyethylmethacrylate ("HEM A") and one or more comonomers such as 2-hydroxyethyl acrylate, methyl acrylate, 
methyl methacrylate, vinyl pyrrolidone, N-vinyl acrylamide, hydroxypropyl methacrylate, isobutyl methacrylate, styrene, 
ethoxyethyl methacrylate, methoxy triethyleneglycol methacrylate, glycidyl methacrylate, diacetone acrylamide, vinyl 

15 acetate, acrylamide, hydroxytrimethylene acrylate, methoxyethyl methacrylate, acrylic acid, methacryl acid, glyceryl 
methacrylate, and dimethylamino ethyl acrylate. 

[0069] Preferred polymerizable compositions are disclosed in U.S. Patent No. 4,495,313 to Larsen, U.S. Patent No. 
5,039,459 to Larsen et al. and U.S. Patent No. 4,680,336 to Larsen et al., which include anhydrous mixtures of a 
polymerizable hydrophilic hydroxy ester of acrylic acid or methacrylic acid and a polyhydric alcohol, and a water dis- 
20 placeable ester of boric acid and a polyhydroxyl compound having preferably at least 3 hydroxyl groups. Polymerization 
of such compositions, followed by displacement of the boric acid ester with water, yields a hydrophilic contact lens. 
The mold assembly of the present invention described herein may be used to make hydrophobic or rigid contact lenses, 
but the manufacture of hydrophilic lenses is preferred. 

[0070] The polymerizable compositions preferably contain a small amount of a cross-linking agent, usually from 0.05 
25 to 2% and most frequently from 0.05 to 1 .0%, of a diester or triester. Examples of representative cross linking agents 
include: ethylene glycol diacrylate, ethylene glycol dimethacrylate, 1,2-butylene dimethacrylate, 1,3-butylene dimeth- 
acrylate, 1,4-butylene dimethacrylate, propylene glycol diacrylate, propylene glycol dimethacrylate, diethylglycol 
dimethacrylate, dipropylene glycol dimethacrylate, diethylene glycol diacrylate, dipropylene glycol diacrylate, glycerine 
trimethacrylate, trimethylol propane triacrylate, trimethylol propane trimethacrylate, and the like. Typical cross-linking 
so agents usually, but not necessarily, have at least two ethylenically unsaturated double bonds. 

[0071] The polymerizable compositions generally also include a catalyst, usually from about 0.05 to 1% of a free 
radical catalyst. Typical examples of such catalysts include lauroyl peroxide, benzoyl peroxide, isopropyl percarbonate, 
azobisisobutyronitrile and known redox systems such as the ammonium persulfate-sodium metabisulfite combination 
and the like. Irradiation by visible light, ultraviolet light, electron beam or a radioactive source may also be employed 
35 to catalyze the polymerization reaction, optionally with the addition of a polymerization initiator. Representative initiators 
include camphorquinone, ethyl-4-(N,N-dimethylamino)benzoate, and 4-(2-hydroxyethoxy)phenyl-2-hydroxyl-2-propyl 
ketone. 

[0072] Polymerization of the monomer or monomer mixture in the mold assembly is preferably carried out by exposing 
the composition to polymerization initiati ng conditions. The preferred technique is to include in the composition, initiators 

40 which work upon exposure to ultraviolet radiation; and exposing the composition to ultraviolet radiation of an intensity 
and duration effective to initiate polymerization and to allow it to proceed. For this reason, the mold halves are preferably 
transparent to ultraviolet radiation. After the precure step, the monomer is again exposed to ultraviolet radiation in a 
cure step in which the polymerization is permitted to proceed to completion. The required duration of the remainder of 
the reaction can readily be ascertained experimentally for any polymerizable composition. 

45 [0073] As indicated at step 1 08 in Figure 1 , the monomer or monomer mixture is degassed prior to the filling of the 
front curve mold half in order to remove dissolved gases. 0 2 is removed because of its deleterious effect on polymer- 
ization as noted above. Other gases, including N 2> are removed to avoid the formation of gas bubbles when the mon- 
omer is expelled from the relatively high pressure of the pump line which supplies the fill nozzle, to encounter the 
atmospheric or subatmospheric N 2 pressure of the filling and assembly chambers. 

so [0074] As illustrated in Figure 9 the polymerizable monomer or monomer mixture is provided in containers 400, 
typically 15 liters in volume. The container is connected to the monomer degassing system by means of line 412. 
Suction is developed by pump 414 to draw the monomer from the drum 400, through line 412, to pump 414, and out 
the pump discharge 416. While going through discharge line 416, the monomer passes through filter 418 in order to 
remove any extraneous particulate contaminants that may be present in the monomer. 

55 [0075] The monomer is then provided to the inlet 420 of the degas unit 422. Within the degas unit, the monomer is 
divided among a plurality of tubes 424, and then recombined into a degas unit discharge 426. The degas unit is operated 
under a low ambient pressure, typically around 4 torr which is provided by vacuum pump 428. This vacuum pump is 
attached to the degas unit 422 by line 430 and discharges the excess air from the degas unit by way of line 432. The 



10 



EP 0 686 491 B1 



tubing members 424 are formed preferably of a gas permeable tubing such as STHT tubing produced by Sanitec, Inc. 
of Andover, New Jersey from Q74780 Medical Grade Silicon Rubber manufactured by Dow Corning of Midland, Mich- 
igan. While two tubes are illustrated in Figure 9, it is understood that a plurality of tubes, typically 1 0 tubes are provided 
for the degas unit 422. 

5 [0076] After the monomer exit the degas unit 422 by discharge line 426, it passes through an oxygen monitor 434. 
This monitor measures the residual oxygen within the monomer to insure that the degas unit is functioning properly. If 
the oxygen content of the monomer is indicated as being to high, operation of the production line can be halted until 
the problem is corrected in order to avoid the production of defective lenses. 

[0077] Once oxygen monitor 434 has determined that the oxygen content of the monomer is sufficiently low, the 
10 monomer passes through line 436 into manifold 438. The manifold is used as a common source to supply a plurality 
of precision dose pumps 440 used to fill the individual contact lens mold at the monomer filling and assembly dosing 
station 50. The pumps 440 used to pump the processed monomer delivered to manifold 438 are pumps made by the 
IVEK Corporation, North Springfield, Vermont. These pumps provide precision doses of degassed monomer to the 
mold cavities 15 via nozzles 242. A return line 442 keep the monomer of the front curves 10 circulating when not 
15 pumped by pumps 440. 

[0078] A top view of a production line pallet 1 2 for carrying production lens mold halves is shown illustrated in Figure 
7(a), with a side view illustrated in Figure 7(b) and a bottom view illustrated in Figure 7(c). It should be understood that 
all pallets 12 are interchangeable in that they may accommodate either front curve or back curve contact lens mold 
halves. In the preferred embodiment shown in Figure 7(a), the production line pallet 12 is formed of aluminum and may 
20 be 60 mm in width and 120 mm in length. In another embodiment, the pallet 12 may be formed of stainless steel and 
may be 80 mm in width and 160 mm in length. 

[0079] Each pallet 12 contains a plurality of recesses for receiving a respective contact lens mold assembly 39 
comprising a complimentary front 1 0 and back 30 curve mold halves which define the shape of the final desired lens. 
One such mold assembly 39 is shown seated within a recess 130(b) of the pallet in Figure 5. The contact lenses are 

25 formed by placing an amount of polymerizable monomer or monomer mixture, generally on the order of about 60 uJ, 
in each front curve (concave) mold half 1 0 seated within a pallet recess 1 30(b) at the filling and mold assembly apparatus 
50. The desired amount depends on the dimensions (i.e., the diameter and thickness) of the desired lens, taking into 
account the generation of by-products upon polymerization and the exchange of water for those by-products and dilu- 
ent, if any, following polymerization. Then, the back curve (convex) mold half 30 is placed onto the polymerizable 

30 composition 1 1 with the first and second mold halves aligned so that their axes of rotation are collinear and the respec- 
tive flanges 1 8,36 are parallel. The mold halves are transported in an annular recess 1 30(a) which receives and supports 
the annular flange 18 of the front curve mold half. In addition to the recesses 130(a) and (b), the pallets 12 also have 
a plurality of oriented recesses 130(c) which receive the triangular tab portions 26 of the seated front curve mold half 
10 to provide a predefined angular position thereof. The recesses 130(a) are designed to prevent movement of the 

35 normally seated moid half within each recess up to within +/- 0.1 mm. The triangular tab 37 of the second or back curve 
mold half 30 overlies front curve tab 26 to enable a collinear axis of rotation with respect to the two moid halves, if 
desired. 

[0080] As illustrated in Figures 7(a)-7(c), pallet 12 of the present invention is designed to ensure that a tight vacuum 
seal may be created with the surface of the pallet during the monomer deposition and contact lens mold assembly 

40 phases of the production line facility. As will be explained in further detail below, blind locating bushings 129(a) and 
129(b) are located at opposite ends of the pallet 12 to enable precise positioning of the pallet within the various as- 
semblies of the production line. These locating bushings enable a precise registration of the pallet throughout the 
various assemblies of the contact lens production facility, and, thereby assist in the alignment of a tight vacuum seal 
to be created at the peripheral upper surface 1 40 of the pallet prior to assembling the mold halves. As shown in Figure 

45 7(a), proximate the center of each pallet 12(a) is a unique bar code identifier 135 for handling, tracking, and quality 
control purposes. 

[0081] As further shown in Figures 7(b) and 7(c), the outer peripheral edges of the pallet 12 define a notch or inden- 
tation 28(a), (b) for engaging a complementary guide rail or shoulder for enabling precise registration of the pallet at 
the demolding apparatus, as will be explained in greater detail below. Additionally, the pallet 12 includes blind holes 
50 1 28(a) and 128(b) wherein an optic bore scope or similar viewing device may be inserted to enable real time viewing 
of the contact lens production process at the surface of the pallet. 

[0082] Figure 8(a) illustrates in detail the robotic transporting assemblies 1 03, 1 04 of Figure 2 for rapidly transporting 
respective front curve and back curve mold portions from respective injection molds 101 (a) and 102(a) to respective 
pallets 12(a) and 12(b). A detailed description of the mold cavities of injection mold assemblies 101(a) and 102(a) may 
55 be found in the aforementioned co-pending contemporaneously filed case VTN-76 (see item 4 on the attached Con- 
cordance). 

[0083] A detailed description of each transporting assembly 1 03 and 1 04 may be found in co-pending contempora- 
neously filed case VTN-78 (see item 6 on the attached Concordance). 
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[0084] Generally, robotic transporting assembly 1 03 is provided with a first robotic assembly 71 5 for removing front 
curve lens molds from injection mold assembly 101(a), and transporting the mold to a first location; assembly 717 is 
provided for receiving the front curve lens molds from assembly 715 and transporting the molds from the first location 
to a second location, and robotic assembly 71 6 is provided for receiving the front curve lens molds from assembly 71 7 
5 and transporting those molds from the second location to an inverting hand 738(a) of inverting assembly 738 that 
inverts the orientation of the front curve molds carried by the robot 71 6. This inversion is necessary because the robotic 
assembly 716 is handling the front curve molds by their non-optical (convex) side and the front curve molds must 
therefore be inverted to enable the non-optical surface of each mold to be placed in the pallet 12(a) (under inverting 
hand 738(a)) that has been momentarily paused to receive the front curve lens molds. 
10 [0085] The robotic transfer assemblies 1 03,1 04 are more fully described with respect to Figure 8(a) as follows. Sup- 
port subassemblies 716(a),(b) of robotic assembly 715(a), (b) are connected to hands 714(a), (b) to support the hands 
and to move the hands between molds 101 (a), 102(a) and the first location, which preferably is directly above transfer 
platforms 717(a),(b) of the second robotic assembly 717,728. Preferably, support frames 724(a), (b) are located adja- 
cent molds 1 01 (a),1 02(a) and support subassemblies 71 6(a), (b) are supported on frame 724(a), (b) for sliding move- 
's ment toward and away from molds 101 (a), 102(a). As the assemblies 15(a),(b) slide along frames 724(a), (b), hands 
714(a), (b) move with the assemblies toward and away from molds 101 (a), 102(a). 

[0086] More specifically, arms 716(a),(b) are slidably mounted on frames 724(a), (b), to extend outward from these 
frames, and are pivotally mounted on assemblies 71 5(a), (b) while hands 71 4(a), (b) are rigidly connected to the outward 
ends of arms 71 6(a),(b) for movement therewith. With this arrangement, arms 71 6(a), (b) carry hands 714(a), (b) toward 

20 and away from molds 101 (a), 102(a), while allowing the hands to pivot between a substantially vertical orientation, as 
shown in Figure 8(a), and a substantially horizontal orientation, to deposit the mold parts on carriers 717(a),(b). 
[0087] Preferably, arms 71 6(a), (b) are high speed, low mass assemblies, and are able to move hands 714(a),(b) 
into molds 101 (a), 1 02(a), and remove articles therefrom, at a rate of once every 3 to 12 seconds and preferably every 
6 seconds. Also, preferably the arm is constructed from a high strength, low mass material such as material sold under 

25 the trademark Kevlar. 

[0088] Each of the hands 714(a),(b) are equipped with a plurality of hollow cylindrical bellows, two of which are 
illustrated on each hand at 720(a), (b). The bellows are connected to a vacuum manifold and vacuum line for engaging 
and securing the mold parts thereto as they are ejected. 

[0089] As previously mentioned, second robotic assemblies 717,728 receive articles from first robotic assemblies 
30 715(a), (b), at the first location, and transport those articles to the second location; and, generally, second robotic as- 
semblies 71 7,728 include support frames 740(a), (b), platforms 71 7(a), (b), and tread covered support lines 756(a), (b). 
Support frames 740(a), (b) have the general shape of an elongated cube or box and extend from a position located 
directly below the above-mentioned first location to a position directly below the above-mentioned second location. 
The top portion of frames 740(a),(b) form channels 746(a),(b) that longitudinally extend between the transverse ends 
35 of the support frame. 

[0090] Transfer platforms' 71 7(a), (b) are provided to receive articles from first assembly 715(a),715(b), specifically 
hands 71 4(a), (b) thereof, and to carry those articles on support frames 740(a), (b) for sliding or rolling movement the- 
realong. 

[0091] The upper section of transfer platforms 71 7(a), (b) include or form a multitude of receptacles 766 for receiving 
40 and holding mold halves received from hand members 714(a),(b). Preferably, receptacles 766 on transfer platforms 
71 7(a), (b) are located so that when hands 714 of assemblies 15(a), 15(b) are positioned directly above transfer plat- 
forms 742(a), (b), each of the bellows 720 of hands 71 4(a), (b) are aligned with a respective one of the receptacles 726 
of platforms 71 7(a), (b). 

[0092] A moving means is provided to move the transfer platforms 71 7(a), (b) along frames 740(a), (b), and preferably 
45 the moving means includes a ball screw and motor mounted within support frames 740(a), (b) and coupled to the 
platforms 71 7(a), (b) by brackets. Treads 756(a),(b) protect and route the electrical vacuum and pneumatic support for 
the transfer platforms 717(a),(b). The tread protectors 756(a), (b) are located adjacent support frames 740(a), (b) and 
are supported for movement between extended and retracted positions. 

[0093] A pair of third robotic assemblies 716,726 are illustrated and are provided to receive articles from second 
50 assemblies 71 7,728, to releasably hold those articles and to carry the articles to a third location. Support column 766 
(a),(b) supports robotic assemblies 716,726 for movement between the second and third locations. More specifically, 
support columns 766(a),(b) are supported and extends upward between the above-mentioned second and third loca- 
tions. First arms 770(a), (b) of robotic assemblies 716,726 are supported by support columns 766(a),(b) for pivotal 
movement, and this first arm extends outward from the support column; and second arms 772(a),(b) are supported by 
55 first arms 770(a), (b) for pivotal movement on one end of arms 772(a),(b) and extend outward therefrom. 

[0094] Preferably, a third vertical arm is provided for each robotic assembly that is extensible, and this arm is extended 
and retracted to lower and raise hands 776(a),(b) indicated by dotted lines in Figure 8(a). Any suitable means may be 
used to extend and to retract the third arm; and, for instance, a hydraulic cylinder or screw motor may be mounted in 
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the robotic assembly, with hands 776(a),(b) connected to a lower end of the hydraulic cylinder or screw motor. 
[0095] Hands 776(a), (b) are provided for receiving and releasably holding the mold halves, and preferably these 
hands also include a plurality of bellows for gripping the mold halves. 

[0096] In the operation of the robotic assemblies 71 6,726, arms 770(a),(b) are pivoted about column 766(a),(b) and 

5 arms 772(a),(b) are pivoted on arms 770(a), (b) to the position shown in Figure 8(a), where the arms and hands 776 
(a),(b) are directly above the second extended position of transfer platforms 717(a),(b). Hands 776(a),(b) are then 
lowered toward or into engagement with transfer platforms 71 7(a), (b) and the mold halves are transferred from transfer 
platforms 71 7(a), (b) to hands 776(a),(b) and the hands are then raised, clearing the hands from the transfer platforms 
71 7(a), (b). Arms 770(a),(b) are then pivoted about columns 766(a),(b), clockwise as viewed in Figure 8(a), and, simul- 

10 taneously, arms 772(a), (b) are pivoted on arms 770(a), (b), counterclockwise as viewed in Figure 8(a), until hands 71 6 
(a),(b) are located directly above the position at which the mold halves are to be deposited. The vertical arms mounted 
on the second arms 772(a), (b) are then extended to lower hands 776(a),(b), and the mold halves may be transferred 
from hand 776(a) to pallet 738(a) of inverter 738 or from hand 776(b) directly on a pallet 12(b) carried on conveyor 29. 
[0097] To elaborate, when robotic transport assembly 103 carries moid halves, preferably all physical contact be- 

15 tween the elements of robotic assembly 1 03 and the mold half is on the sides of the moid that are opposite the optical 
surfaces of those mold sections. In this way, there is no physical contact between any part of robotic assembly 103 
and the surfaces of the mold that directly engage the hydrophilic material used to form the contact iens molded between 
the mold halves. Thus, when assembly 1 03 carries mold half away from injection mold 1 01 (a), the mold half is inverted; 
while when assembly 104 carries a mold half away from injection mold 1 02(a), the mold is in its position and ready for 

20 deposit on a carrier pallet. Thus, when robotic assembly 1 03 carries mold halves away from injection mold 1 01 (a), the 
mold half is not in the proper orientation for transfer to pallet 12(a), and the mold half must be inverted in order to orient 
it properly for transfer to pallet 12(a). The preferred embodiment of inverter assembly 738 is provided to do this. 
[0098] As mentioned above, inverter assembly 738 includes hand 738(a) and support subassembly 786. Preferably, 
hand 738(a) includes a base and bellows to receive mold halves from the third robotic assembly 716, specifically hands 

25 776(a) thereof, and to hold those articles while they are inverted for transfer to pallet 12(a). 

[0099] Support subassembly 786 is provided to move hand 738(a) of assembly 738 between third and fourth loca- 
tions, and in the preferred embodiment, support subassembly 786 is used to pivot and to reciprocate hand 738(a). 
With the embodiment of subassembly 738 illustrated in the drawings, arm 794 extends outward from subassembly 
786, and hand 738(a) is rigidly connected to an outward or second end of arm 794 for pivotal movement therewith. 

so Preferably, hand 738(a) is pivoted substantially 1 80°, from a position in which the bellows on the hand extend directly 
upward to a position in which these bellows extend directly downward. After receipt of the mold halves from hand 776 
(a), the inverter assembly 738 reciprocates hand 738(a) downwardly and then releases the mold halves onto a pallet 
12(a) that has been temporarily paused by clamping means 19(a), 19(b) as will hereinafter be explained. 
[01 00] Each of the pallets is momentarily paused on conveyor belts 27,29 at the time of transfer of the molds. In the 

35 preferred embodiment shown in Figure 8(a), and in elevation in Figure 6, a clamping mechanism 1 9 comprising a pair 
of clamping jaws 1 9(a), (b) are located at opposite sides of the conveyor 27 to timely clamp an empty pallet 1 2(a) and 
halt the motion so that the front curve mold halves may be positioned on the pallet by inverting head 738(a), while a 
pair of clamping jaws 20(a), (b) are located to timely clamp an empty pallet 12(b) to halt its motion on conveyor 29 while 
the back curve mold halves are positioned on the pallet by robot assembly 726. 

40 [0101] The front and back curve mold halves are also transferred from their respective injection mold assemblies 
1 01 (a),1 02(a) to a low oxygen, and preferably, a nitrogen environment maintained around portions of the front curve 
conveyor 27, back curve conveyor 29, and a sequencing conveyor 32 by housing 24. This inert environment is accom- 
plished by enclosing each conveyor in an atmosphere of pressurized nitrogen gas. As will be explained below, the 
handling of the pallets and the contact lens mold assemblies throughout the various stations of the production line 

45 facility are conducted in an inert, and preferably a nitrogen gas to provide a low oxygen environment for all of the 
component pars prior to polymerization. While it is possible to enclose injection mold assemblies 101(a), 102(a) and 
robotic transport assemblies 103,104 within a nitrogen enclosure, it has been found that the use of the high speed 
robotic assemblies illustrated in Figure 8(a), a transfer can be accomplished in under 15 seconds, with a mold cycle 
time of 6 seconds. The 15 second exposure to atmospheric oxygen requires only a 3 minute residence time under N 2 

so to degas 0 2 adsorbed during the 1 5 seconds. A 3 minute buffer on sequencing conveyor 32 also ensures an adequate 
supply of molds for the assembly line. Opening the injection mold devices 101 (a), 102(a) to atmospheric cooling alle- 
viates substantial cooling problems that would otherwise be encountered by running the molding machines in an en- 
closed environment. 

[0102] The operation of the clamping mechanisms 19 and 20 will now be described in view of Figure 6. It should be 
55 mentioned that the operation of all clamping mechanisms hereinafter disclosed, is essentially the same as the following 
description of the preferred embodiment. Specifically, the clamping mechanism 19 consists of one or more pneumatic 
cylinders 21 that operates to push lower ends 44(a), (b) of clamping jaws 1 9(a), (b) so the jaws pivot about associated 
clamping shafts 42(a),(b) to close in and enable respective fixed clamping blocks 19(c),(d) to grip pallet 12(a) (shown 



13 



EP 0 686 491 B1 



in phantom lines in Figure 6) that is positioned in alignment with the jaws 1 9(a), (b). As illustrated in the Figure 6, the 
clamping blocks 1 9(c), (d) of clamping jaws 1 9(a) t (b) are located just above and at opposite sides of the conveyor 27 
while the pneumatic cylinder 21 is mounted below the conveyor 27. 

[0103] To transport the pallets, each supply conveyor 27,29 comprises a drive means in the form of a motor driven 
5 belts, one of which is illustrated in cross-section in Figure 6(a) as 43(a), which are strong enough to support pallets 12 
(a),(b) supplied to the sequencing apparatus 40. As illustrated in Figures 7(b) and (c), a raised underside section 138 
of each pallet 12(a),(b) may be coated with Nedox® or Tufram® so to enable sliding of the pallet when being held 
above a moving belt by clamping jaws 19,20 or pushed along slide plates at certain processing locations of the plant. 
[0104] The pallet conveyors 27,29 and 32 include a drive means for each of the motor driven belts. The motor drive 
10 means to conveyor 32 enables the transport of thirty or more paired sets of pallets 1 2(a), 1 2(b) carrying respective front 
and back curve lens mold portions to be smoothly and uniformly transported at a preferred rate of approximately 30 
mm/sec until they are assembled for processing at the filling/mold assembly apparatus 50. In a similar fashion, suitable 
motors drive respective conveyor belts 43(a),43(b) carrying the respective pallets 1 2(a), 1 2(b) so that they are smoothly 
and uniformly transported at a preferred rate of approximately 75 mm/sec until their motion is terminated at the ends 
is of each conveyor for sequencing as will be explained in further detail below. Additionally, idler rollers and tensioner 
roller may be provided for adjusting the tension of the belts of conveyors 27,29 and 32. 

[0105] Figure 6 illustrates a cross-sectional, front view of a conveyor assembly 27 shown carrying a pallet 12(a) on 
conveyor belt 43(a). It is understood that the view of Figure 6 may apply to any of the other above-described conveyors 
29 and 32 carrying pallets. 

20 [01 06] Figures 8(a) illustrates the sequencing apparatus 40 (demarked by dotted lines in Figure 8(a)) of pallet system 
comprising a double cross pusher which positions a pallet 1 2(a) from conveyor 27 (containing front curve contact lens 
mold portions) next to a pallet 12(b) from supply conveyor 29 (containing back curve contact lens mold portions) for 
conveyance along the sequencing conveyor 32. The sequencing apparatus 40 is located at the ends of each supply 
conveyor 27, 29 and comprises a first arm 141 and second arm 142 for simultaneously pushing pallets from respective 

25 supply conveyors 27 and 29 along track 143 for entry into the main sequencing conveyor 32. As illustrated in Figure 
8(a), the first arm 141 and second arm 142 are mounted in parallel on mounting means 145 that is slidable along track 
147 in both directions as indicated by the double arrow in Figure 8(a). A lifting means, which may be pneumatically 
operated, is provided for raising and lowering the first and second arms 141 ,142 in a vertical direction above the plane 
of a horizontally positioned pallet, as will be explained in further detail below. While the arms 141 ,142 are in a raised 

30 position, the mounting means 145 remains slidable along track 147 so that the first and second arms may be retracted 
while in their raised position and subsequently lowered after reaching their original positions. 
[0107] In a first step of the sequencing process, the forward motion of a pallet 12(a) from conveyor 27 is terminated 
at a first position "A", just forward of the first arm 141 „as shown in Figure 8(a). Forward motion of the pallet 12(a) is 
terminated by a pair of upstream clamping jaws 146(a),(b), that, in a timed fashion, open and close to let one pallet 

35 align with the first pusher arm 141 of the double pusher. When jaws 146(a), (b) are closed, forward motion of the pallet 
is terminated and a plurality of pallets will accumulate behind the clamped pallet. At the appropriate time, one pallet 
may be released by opening the clamping jaws 1 46(a), (b) so that the forward motion of the accumulating pallets on 
conveyor 27 will push the first lead pallet to a second position indicated as "B" in Figure 8(a), also in alignment with 
the first pusher arm 141 . The jaws 1 46(a), (b) may be immediately closed to clamp the next of the accumulated pallets 

40 to prevent their forward motion. The opening and closing of the clamping jaws 1 46(a), (b) may be appropriately timed 
to enable pallets to be sequentially input to the pusher in an orderly fashion. 

[0108] After appropriate sensing, and, as controlled by a computer or a programmable logic controller, the arms 
141 ,142 of double cross pusher 40 are caused to slide along track 147 in the first direction from S to S' indicated by 
the double headed arrow S - S' in Figure 8(a) so that first arm 141 pushes pallet 12(a) to a second position that is 
45 located just forward of second arm 142 position and indicated by arrow "C H in Figure 8(a). It is understood that during 
initialization of the sequencer, the second arm 142 did not push a pallet since none were positioned for movement in 
front of second arm. The lifting means is then commanded to raise the first and second arms 141,142 so that the 
mounting means and the arms may be retracted along track 1 47 and subsequently lowered back at their original position 
as shown in Figure 8(a). 

so [0109] The following description demarcates where steady state sequencing operations begin. As shown in Figure 
8(a), after retracting first and second arms 141 ,142 to their original position, or, preferably, while the arms are in their 
raised position while being retracted, a new pallet 12(a) carrying front curve lens mold portions from conveyor 27 is 
positioned at the vacated first position (indicated by arrow "A") in the manner described above. Simultaneously there- 
with, the forward motion of a pallet 12(b) carrying back curve contact lens mold portions from back curve supply con- 

55 veyor 29 is terminated at a position "D" as indicated in Figure 8(a). The process for aligning a pallet 12(b) carrying 
back curve lens mold portions at position B is essentially similar as described above with respect to pallet 12(a). In a 
timed manner, clamping jaws 1 49(a),(b) close to clamp pallet 1 2(b), while the other pallets on conveyor 29 accumulate 
behind the clamped pallet. The jaws 1 49(a), (b) are subsequently opened to release the pallet so that the motion of the 
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conveyor 29 pushes the pallet 1 2(b) in alignment with the second pusher arm 1 42. The jaws 1 49(a), (b) are immediately 
closed to clamp the next of the accumulated pallets to prevent its forward motion. Pallet 12(b) carrying back curve 
contact lens mold portions is now positioned at "D", immediately adjacent the previously positioned pallet 12(a) from 
the initial step, situated at position "C", with both in alignment with the second arm 142. After appropriate sensing, the 

5 arms 141 ,142 of the double cross pusher 40 are again caused to slide along track 147 from their original position in 
the direction indicated by the double headed arrow so that first arm 141 pushes a pallet 12(a) to the second position 
("C") and the second arm 142 pushes the pair of pallets 12(a),12(b) from second position "C and D" to a third position 
indicated by "E" in Figure 8(a). Finally, the pusher arms 141 ,142 are raised so that the mounting means 145 and the 
arms may be retracted along track 147 and lowered at their original position. While the first and second arms 141 ,142 

10 are being retracted, a new set of pallets are being loaded at their respective positions. Specifically, a pallet 12(a) is 
loaded at position indicated as M B" (Figure 8(b)) and a pallet 12(b) is loaded at position indicated as "D" adjacent the 
previously positioned pallet 12(a) and the sequence is repeated. 

[0110] While the new set of pallets are being loaded at their respective positions, a third pusher arm 144 operable 
by pneumatic driving means 148 is activated to push the adjacently situated pair of pallets 12(a), 12(b) in the direction 
15 indicated by arrow "F" in Figure 8(a), for engagement with the drive belt 44(a) of sequencing conveyor 32. In steady 
state operation, the sequence of events described above is repeated so that pairs of pallets 1 2(a), 1 2(b) are sequentially 
transported along sequencing conveyor 32 to the filling and mold assembly stations of the contact lens production 
facility. 

[0111] The paired sets of pallets 12(a), 12(b) carrying respective front curve and back curve lens molds reach a 
20 second sequencing apparatus 52 (illustrated in Figure 8(b)) where their forward motion is diverted for input to the filling 
apparatus 50. 

[0112] Figure 8(b), which is a continuation of Figure 8(a), illustrates the precision pallet handling apparatus 55 for 
transferring pallets from sequencing conveyor 32 to the filling apparatus 50. Specifically, the motion of each pallet 12 
(a),(b) carrying respective lens mold halves is terminated by a pair of upstream clamping jaws 153(a) and 153(b), in 

25 the manner as described above, at position indicated as "C" in front of pusher 1 54(a) of ram 1 54. When the motion of 
the first pallet is halted, the alternating series of pallets 12(a),(b) accumulate therebehind. The jaws 153(a),(b) are 
opened to enable one pallet, for e.g., pallet 12(b) carrying back curve lens mold halves, to align with pusher 154(a) of 
ram 154. Then, pusher 154(a) which in the preferred embodiment is driven by pneumatic cylinder unit 154, is timely 
activated to push the pallet 12(b) along slide plate 32(a) for a distance equivalent to the length of the pallet in the 

30 direction indicated by arrow "H". This process is repeated to bring a pallet 1 2(a) into engagement with pallet 1 2(b) and 
both are advanced in the direction of arrow "J" and to a position in alignment with ram head 157(a) of ram 157. The 
ram 157, which is servo motor driven is timely activated to first push the pallet 12(b) along track 32(b) in the direction 
indicated by arrow "J" for a distance approximately equal to the width of the pallet ± 0.1 mm. This sequence is then 
repeated with pallet 12(a). This sequence of events herein described is continuously repeated to push a row of pallets 

35 and enable precision registration of pallets 12(b) and 12(a) when they alternately enter filling and dosing apparatus 53 
of filling/mold assembly station 50. 

FILLING AND ASSEMBLY STATIONS 

40 [0113] The filling and assembly station, indicated generally at 50 in Figures 2 and 8(b) includes three separate sta- 
tions, including a filling station 53, further described and illustrated in Figures 1 0(a), 1 1 and 15; a surfactant application 
station 54, illustrated and described with respect to Figures 10(b) and 12; and an assembly station 55, illustrated and 
described with respect to Figures 10(c), 10(d), 13, 14(a), 14(b) and 16. 

[0114] As described briefly above and in further view of Figures 10(a) and 11, a predetermined amount of the de- 
^5 gassed monomer or monomer mixture 11 is deposited in a front curve mold half 10 by means of a precision dosing 
nozzle 242, which is part of the dosing or filling apparatus 53 of station 50. The monomer may be dosed in each of the 
front curve mold halves, carried in the alternating pallets, under vacuum to avoid the possibility of entrapping any 
gasses between the monomer and the front curve mold half. The polymerizable monomer mixture is first degassed, 
as described previously, to insure that dissolved gasses are not present in the monomer inasmuch as dissolved gasses 
50 may well form bubbles as the monomer is released from the relatively high pressure of the dosing nozzle 242 to inert 
atmospheric, N 2 or vacuum conditions surrounding the front curve mold half 10. Additionally the oxygen content of the 
monomer solution is monitored prior to discharge in the front curve mold cavities. 

[0115] Each of the nozzles 242 includes a teflon dosing tip with an O.D. of approximately .070" and an I.D. of 
approximately .040. Each tip is cut at approximately a 45° angle, and is positioned to be carried within ,5 mm of the 
55 horizontal tangent of the front curve 31 surface 15 at the time of dosing. 

[01 1 6] As the monomer or monomer mixture is dosed, it pools upwardly around the tip, as illustrated in Figure 1 1 (a), 
so that the angle of the tip is covered. When the manifold assembly 251 is reciprocated upwardly, the pool of monomer 
wicks the nozzle tip, and draws any excess on the tip. This wicking action increases the accuracy of the dose, it pulls 
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off potential drops of monomer and it avoids any agitation of the monomer that might result in bubble formation. 
[01 17] If drops of monomer form on the tip, there is the possibility of contamination of a passing pallet or the dosing 
station form an inadvertent drop.. Individual drops of monomer, even when deposited into a mold cavity, or on top of 
the monomer pool, have been found to generate a "seed" site for a gas bubble. By wicking the tip with the monomer 

5 pool, this possibility is substantially eliminated. 

[0118] In the preferred embodiment of the invention, approximately 60 |xl of polymerizable monomer or monomer 
mixture is deposited in the front curve mold half to insure that the mold cavity is overdosed to avoid the possibility of 
incomplete molding. The excess monomer is removed from the mold cavity in the final step of the demolding of the 
front and back curve mold halves as an excess HEMA ring as will be hereinafter described. (When hydroxyethylmeth- 

10 acrylate is used, the excess monomer is referred to as a HEMA ring). 

[0119] At station 53, as illustrated in Figure 11, a plurality of monomer supply lines 241 are coupled to associated 
discharge nozzles 242, two of which are illustrated in Figure 1 1 which are suspended directly over the path of the pallet 
1 2(a) and the individual front curve molds 1 0. The dosing or filling station 53 includes a manifold block 251 for receiving 
each of the monomer discharge nozzles 242 and a vacuum seal 252 which may be used to cooperate with the outer 

15 perimeter 140 of pallet 12(a) to provide a sealed enclosure that may be evacuated with a vacuum pump so that the 
deposition of the monomer occurs in a vacuum, if desired. The manifold block assembly 251 reciprocates with respect 
to a fixed platform 253 on a pair of tubes or cylinders 254(a), 254(b) as will be hereinafter described with respect to 
Figure 15. The dosing module 53 also includes a pair of bore scope tubes 255, 256 which enable inspection of the 
monomer dosing, if desired, through an optic bore scope 200, as illustrated in Figure 15. 

20 [0120] As illustrated in Figure 15, the entire deposition module 53 is reciprocated vertically with respect to a fixed 
support frame 252 and 264 by means of a short stroke pneumatic cylinder 265 mounted between frame 262 and drive 
rod 263(a) of pneumatic cylinder 263 which is fixably mounted to fixed frame 264. Vacuum is supplied through the 
filling or dosing station through manifold 266 and vacuum line 267 to an interior manifold 268 formed in one of the two 
reciprocating support tubes 254(a), 254(b). The tubes or cylinders 254(a), 254(b) reciprocate with fixed guide tubes 

25 257,258. A vacuum plenum is also formed in the manifold block 251 by means of bore holes 269 and 269(a) which 
provide vacuum communication between the vacuum manifold 266 and the interior of the dosing station 53 defined by 
perimeter seal 252 and the pallet 12(a). 

[0121] An optic bore scope 200 is illustrated in Figure 15 with an optic probe 201 extending down into the blind holes 
1 28(a), (b) of pallet 12(a) and manifold block 251 . A dummy or blind 202 is installed in the other bore scope tube 256 

30 to seal access into the interior vacuum plenum of the assembly station 53 when a bore scope is not in use. 

[0122] In operation, a pallet 12(a) is advanced into the dosing station 53 by means of the material handling ram 157 
previously discussed with respect to Figure 8(b). Once in position, the manifold assembly 251 is reciprocated down- 
wardly by means of pneumatic cylinder 265. If vacuum dosing is desired, when the vacuum seal 252 on the manifold 
assembly 251 engages the pallet 12(a), the sensor assembly 265 may be triggered, thereby opening a valve to draw 
. 35 a vacuum in manifold 266, vacuum line 267, manifold 268 and plenum 269, 269(a). It should be noted that a vacuum 
is not required for filling or dosing of the mold cavities, but does avoid the possibility of N 2 gas being trapped between 
the monomer and the front curve mold half. It should also be noted that the ambient atmosphere surrounding pallet 1 2 
(a) is a low oxygen N 2 environment and evacuation of the chamber is an evacuation of the N 2 gas. After vacuum has 
been established within the dosing chamber, pumps 440 (illustrated in Figure 9) are actuated to deliver a precise dose 

40 of 60 \i\ to each of the mold cavities 10 illustrated in Figure 10(a) and 11 . 

[0123] After the monomer has been dosed into the individual mold cavities, the vacuum is broken in manifold 266 
and the manifold assembly 251 is reciprocated upwardly by pneumatic drive means 265 to draw dosing nozzle 242 
out of the monomer pool 1 1 and allow transport of the pallet 1 2(a) to the apparatus 54 which coats the mold flange 1 8 
with a mold release surfactant. Pneumatic cylinder 263 may be used to lift the assembly manifold 251 to a high service 

45 position for cleaning and servicing. 

SURFACTANT APPLICATION 

[0124] As illustrated in Figure 12, a surfactant is applied to the mold flange 18 by a stamping station 54 includes a 
so frame structure 222 having a support member or base 224 on which there are positioned a plurality of spaced upright 
guide columns 226. These columns have slide members 228 thereon for supporting components for a stamping station 
54 so as to be vertically displaceable along the guide members. The stamping station 54 is mounted for vertical recip- 
rocation proximate the upper end of the columns through the intermediary of suitable guide bushings 234 and the slide 
members 228, and wherein the vertical displacement is implemented through suitable actuating or drive unit 237 which 
55 js not described in further detail herein, and which, if desired, may be operated from a suitable control and sensor unit 
236 on base 224. 

[0125] The stamping station 54 includes mounted thereon a plurality of stamps 238 each adapted to be moved in 
vertical reciprocatory movement in a coordinated manner in conjunction with the stamping station 54, wherein the 
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number of stamps 238 is correlated with the number of front curves 1 8 located in the mold depressions 130(b) formed 
in the mold pallet 12(a). Each stamp 238 consists of a composition of about 90% urethane and 10% silicone in at least 
the portions thereof which are adapted to contact the flanges 1 8 of the front curves 1 0 on the mold pallet 12(a). 
[0126] Adapted to be positioned in spaced relationship below the lower end of each stamp 238 of the stamping 

5 station 53 when the latter is in a raised position, is a horizontally shiftable pad member 240. The pad member 240 is 
basically a cushion which is constituted of a suitable porous material, such as porous polyethylene having an average 
1 0 micron pore size, and which is impregnated with a solution containing a surfactant, the latter of which may be present 
in a highly concentrated state. The lower surface of the stamping pad member 240 is supported on a base 240(a) 
consisting of a liquid-impervious material. The upper surface of the pad member 240 is covered by a filter 244, preferably 

10 of nylon, having a mesh size of 1 .2 microns so as to act as a metering device and allow only relatively small quantity 
of surfactant to pass therethrough as the surfactant is wicked from the bottom of the pad member 240 to the top upon 
the pad member being pressingly contacted by the bottom ends of the stamping heads 238, as described hereinbelow. 
[0127] The stamping pad member 240 is supported on a horizontally shiftable carriage structure 241 which is oper- 
able at a predetermined elevation below the lower ends of the stamps 238, so as to be horizontally movable into position 

15 below the stamps 238 between the upright guide columns 226 or, alternatively, moved outwardly thereof when not 
needed. The horizontal shifting motion may be imparted to the carriage 241 and, resultingly, to the pad member 240, 
by means of a suitable actuating cylinder which is operatively connected with the carriage 241 . 
[0128] The foregoing carriage 241 is located at an elevation or height above the mold pallet track 223, along which 
mold pallets 12(a) or 12(b) are adapted to be sequentially advanced into position below the stamping station 53 in 

20 order to enable the stamps 238 to apply a thin film or coating of surfactant to the surfaces 18(A) of the front curves 1 0 
positioned thereon before being transported further in connection with the forming of the contact lenses. 

OPERATION OF THE SURFACTANT APPARATUS 

25 [01 29] In order to facilitate the deposition of a thin film layer of surfactant onto the surfaces 1 8 of the front curves 1 0 
on the mold pallet 12(a) which has been positioned below the stamping station 53, the stamping station is maintained 
in a fully raised position on guide columns 226. This is implemented by means of a lifting cylinder 237 acting on slide 
members 228 vertically movable along the guide columns 226. The extent of vertical movement may be controlled by 
a suitable control and sensor arrangement 236. The pad member 240 is interposed in spaced vertical relationship 

30 between a pallet 12(a) and the lower ends of the stamps 238 on the stamping station 53. The interposition of the pad 
member 240 is carried out by shifting the carriage 241 horizontally so as to locate the pad member 240 beneath the 
stamps 238 . Thereafter, the stamping station 230 is actuated so as to cause the stamps 238 to be displaced downwardly 
into contact with the upper surface of the filter 244 on the pad member 240, whereby a small amount of surfactant is 
expelled upwardly through the nylon filter 244 to coat the lower downwardly facing surface of each stamp 238, forming 

35 a thin layer or coating of the surfactant thereon. 

[0130] The surfactant with which the pad member 240 is impregnated may be a solution with an almost 100% con- 
centrated strength of surfactant dispersed therein so as to enable forming a layer thereof on the therewith contacting 
surfaces of the stamps 238. Preferably, the surfactant is constituted of Tween 80 (registered trademark); i.e. a Polys- 
orbate 80. This is basically polyethylene oxide sorbitan mono-oleate or the like equivalent, and consists of an oleate 

40 ester of sorbitol and its anhydrides co polymerized with approximately 20 moles of ethylene oxide for each mole of 
sorbitol and sorbitol anhydrides. 

[0131] In order to ensure that a uniform layer or very thin film of the surfactant is deposited on the surfaces 18 of 
each of the front curves 1 0 which are located on the mold pallet 1 2(a), each stamp 238 is individually resiliently mounted 
through the provision of a suitable biasing spring 245, preferably such as encompassing coil springs which are sup- 

45 ported in the stamping station 54, ensuring that notwithstanding manufacturing tolerances, a uniform pressure will be 
subsequently exerted by the stamps against all contacting flanges 1 8 on the front curves 10 which are located on the 
mold pallet. Thereafter, upon the surfactant being wicked up through the pad, expelled through the nylon filter 244 and 
deposited on the lower surface of each stamp 238, the stamping station 54 and stamps 238 are raised vertically, and 
the stamping pad member 240 with its carriage 241 is moved horizontally out of the stamping station from its position 

so between the guide columns 226, thereby opening the space between the stamps 238 and the therewith aligned front 
curves 1 0 on mold pallet 12(a). Thereafter, the stamping station 54 is again shifted downwardly along the vertical guide 
columns 226 until the stamps 238 have their surfactant-wetted lower end surfaces contact the surfaces 18 on the front 
curves 1 0, thereby depositing a thin layer or film of the surfactant thereon, with such layer being at a uniform thickness 
on each respective front curve surface 18 due to the resilient biasing forces being exerted by each of the springs 245 

55 acting on the individual stamps 238. 

[0132] Thereafter, the stamping station 54 is again moved vertically upwardly along guide columns 226, and a sub- 
sequent molding pallet 1 2(b) mounting back curves 30 is advanced through the stamping station of the apparatus. This 
time period enables stamps 238 to be recoated with surfactant from the shifting stamp pad member 240. 
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[0133] The molding pallet 12(a) which has the front curve surface thereon already treated with the surfactant is 
advanced out of the stamping station so as to be mated with base curves 30. The process may then be repeated with 
the subsequently introduced front curves 10 on mold pallets 12(a) in the same continuous manner. 
[01 34] The foregoing structure enables the deposition of a thin and uniform layer or film of the surfactant onto specified 
5 surfaces 1 8 of the front curves 1 0 so as to enable easier subsequent separation of the base curves 30 therefrom and 
removal of the HEMA-based ring material with the back curve 30. This avoids the step of manually removing the 
remnants of the HEMA rings, excessed during the molding of the hydrophilic polymer contact lenses, and avoids con- 
tamination of the final package or the production line equipment that results from inadvertent error inherent in manual 
operations. 

10 [0135] As illustrated in Figure 5, a complimentary pair of front 10 and back 30 curve mold halves define the mold 
cavity and the shape of the final desired lens 8. After the dosing step in the filling apparatus 53, in which the front 
concave mold half 1 0 is substantially filled with a polymerization mixture 11 , the concave front mold half 1 0 is covered 
with the back curve mold half 30 under a vacuum to ensure that no air bubbles are trapped between the mold halves. 
The back curve mold half is then brought to rest on the circumferential edge 1 4 of the concave front mold half to sever 

15 the incipient lens from the excess monomer, to ensure that the resultant lenses are properly aligned and without dis- 
tortion, and to form a mold assembly 39 which includes both mold halves and the incipient lens 101 . The provision of 
tabs 26 and 37 extending from respective sides of each front and back curve mold halves are preferably positioned 
one over the other as shown in Figure 5 during the mold assembly, to facilitate handling thereof, and to facilitate the 
prying apart of the halves after the polymerization. The tabs may also be used to provide torric orientation of the lens, 

20 since the orientation of tab 26 on the front curve mold half is fixed by recess 1 30(c), while the tab 37 may be subsequently 
aligned to provide torric differentiation in the optical characteristics of the lens. 

[0136] The excess monomer or monomer mixture displaced from the mold cavity 101 forms a HEMA ring 13, which 
preferentially adheres to the underside of flange 36 of back curve mold half 30 by reason of the surfactant coating on 
flange 1 8 of the front curve mold half 1 0. 

25 

MOLD ASSEMBLY APPARATUS 

[0137] The operation of the assembly station of the present invention will be explained with reference to Figures 1 0 
(c), 10(d), 13, 14(a), 14(b) and 16 wherein Figure 14(a) represents an external elevation view of the assembly module 
30 55 and Figure 1 4(b) represents a partially cross-sectioned view of the assembly module 55 that is sectioned along two 
separate axes from section line A - A' for the purposes of illustration. 

[0138] The assembly of the mold halves is also described in the chart illustrated in Figure 13 in which the position 
of a reciprocating assembly piston 271 is plotted as a function of time. As illustrated at the zero start point, the recip- 
rocating piston 271 begins to descend for the back curve pick up, and reaches and secures the back curve 30 in 

35 approximately 0.25 seconds. The piston 271 is then reciprocated upwardly to its upper position 14 mm above pallet 
12(b) in approximately 0.25 seconds. Then, the pallets are advanced wherein the back curve mold half pallet 126 is 
removed and the front curve mold half pallet 12(a) is inserted, which transfer takes approximately 0.5 seconds. While 
the pallets are being transferred, a vacuum chamber begins its descent towards the front curve mold pallet 12(a) and 
contacts the mold pallet to establish a seal between the chamber and the pallet as will be hereinafter more fully de- 

40 scribed with respect to Figure 1 4(b). A seal is established at approximately 1 .25 seconds after the zero point, and the 
nitrogen in the chamber is then evacuated until a vacuum equilibrium is reached at approximately 1 .75 seconds. 
[0139] It should be noted that the reciprocating piston 271 is carried within the vacuum chamber so that as the 
vacuum chamber descends and seals to the pallet, the reciprocating piston 271 and the back curve mold half 30 have 
been partially lowered to approximately 5 mm above the front curve mold half. At 1 .75 seconds, the reciprocating piston 

45 271 begins independent downward travel and contacts the pool of monomer 1 1 at approximately 2.5 seconds after the 
zero point. Downward travel of the reciprocating piston continues and at approximately 3 seconds, the back curve mold 
half is firmly seated on the parting edge 14 of the front curve mold half indicating formal assembly. Shortly thereafter, 
the vacuum in vacuum passageway 294 is broken, but the reciprocating piston 271 maintains a downward force on 
the back curve mold half while the remainder of the assembly module continues a downward travel to thereby establish 

50 an independent floating clamping of the back curve mold half 30 against the porting edge 14 of front curve mold half 
1 0. As will be hereinafter explained, this clamping or "over travel" step is optional. At approximately 3.4 seconds, the 
vacuum is broken in the vacuum chamber surrounding the mold assemblies and at approximately 4.4 seconds the 
reciprocating piston 271 , the vacuum chamber and the assembly module 55 begin to retract. At 4.75 seconds, the 
pallet 12(a) containing the assembled mold halves is transferred out of the assembly station, and a new pallet 12(b) 

55 containing the back curve mold halves is inserted under the assembly module 55. At approximately 5 seconds, the 
reciprocating piston 271 is then moved to its back curve pick up position, and at 6 seconds, the assembly beings anew 
at the zero start point. 

[0140] The assembly station 55 includes 4 reciprocal pistons 271 , two of which are illustrated in the left section of A 
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- A' of Figure 14(b) with back curves attached thereto and two of which are partially visible in the right hand section of 
A - A' of Figure 14(b) without back curves. It should be understood that reciprocating pistons are used for the pallets 
having 8 sets of front and back curve mold halves. The reciprocating pistons 271 are mounted for reciprocation within 
the vacuum housing 272 and are both carried by and may float within the primary housing 273. Each of the three 
5 members 271 , 272 and 273 reciprocate at various times, both with respect to each other and with respect to the pallet 
12(b) and the pallet 12(a) containing front mold curves. 

[0141] With reference to Figures 14(b) and 16, the vacuum manifold housing 272 and the primary housing 273 are 
mounted for reciprocal movement on cylinders or tubes 274,275 and reciprocate with respect to stationary frame mem- 
ber 276 in response to servo motor 277 which raises and lowers a reciprocating support platform 278. Drive motor 277 

10 is fixably attached to frame member 276 by means of guide tubes 279 and 280 and cross-member 281. Thus, the 
stationary frame member 276, guide tubes 279,280 and cross-member 281 provide a box frame that is stationary with 
respect to the reciprocating members of the apparatus. Pallet guide rails 282 are also provided for each pallet 12(a), 
(b) entering the assembly stations which are advanced by means of the material handling pusher 157 previously de- 
scribed and illustrated with respect to Figure 8(b). Guide rails 282 are also fixed with respect to the stationary fixed 

15 platform 276. 

[01 42] As illustrated in Figure 1 4(b), the vacuum manifold housing 272 and the primary housing 273 reciprocate with 
respect to each other with the vacuum manifold housing 272 being biased downwardly by a pair of spring members 
283,284 positioned on opposite sides of the respective housings. The vacuum manifold housing 272 is secured to the 
primary housing 273 by virtue of a pair of bolts 285,286, one of which is illustrated in cross-section in Figure 14(b) at 
20 285, which are free to reciprocate upwardly into recesses such as recess 287 formed in the primary housing. Likewise, 
the reciprocating pistons 271 and reciprocating manifold members 288,289 also provide reciprocating guides and 
support between the two housing members 272,273. 

[01 43] A pair of bore scope housings 290 and 291 provide access for a bore scope 200 and an optic probe 201 which 
may be inserted into the assembly cavity for viewing or quality control purposes. When not in use, the bore hole housings 

25 290,291 are closed by a blind 202 in order to allow a vacuum to be drawn within the assembly housing. 

[0144] In operation, a pallet 12(b) containing mold half back curves is advanced under the reciprocating pistons 271 
as illustrated in Figure 1 0(c). When the pallet 12(b) is in position, the assembly module 55 is reciprocated downwardly 
by pneumatic drive motor 277 and cross-member 278 and the reciprocating tubes 274,275 to draw both the vacuum 
manifold housing and the primary housing downwardly. The vacuum manifold housing 272 is biased in its downward 

30 position by means of springs 283,284 and the individual reciprocating pistons 271 are biased downwardly by virtue of 
their mounting within the vacuum manifold housing 272, and by virtue of air pressure maintained within the pneumatic 
cylinder 293 mounted in upper portion of the primary housing 273. Within approximately 0.25 seconds, the reciprocating 
pistons 271 have engaged the back curve mold halves 30 on pallet 12(b) and a vacuum is drawn through vacuum 
manifold in reciprocating piston 271 , which has radial bores 294 (Fig. 1 0(c)) which communicate with an annular cham- 

35 ber 295 formed in the vacuum manifold housing 272, two of which are illustrated in Figure 14(b) and 16. Each of these 
annular chamber passageways 295 is interconnected to each other and a common plenum (not shown) that extends 
across all 4 annular manifolds 295 on one side of the vacuum manifold housing 272. 

[01 45] A pair of reciprocating vacuum manifolds 288,289 connect the vacuum manifold 272 with the primary manifold 
273, with one of the tubes 288, illustrated in cross-section in Figure 14(b). The vacuum manifold 288 reciprocates in 
40 bore 298, while vacuum manifold 289 reciprocates in a similar bore (not shown). These reciprocating manifolds are 
essentially identical, except that they supply vacuum at two different pressures to two different parts of the assembly 
module. 

[0146] As the assembly module reaches its lower most point of travel, each of the back curves 30 is removed from 
the back curve mold pallet 12(b) by the vacuum drawn in the reciprocating pistons 271 . The entire assembly module 

45 55 is then reciprocated upwards in approximately 0.25 seconds to enable transport of the empty pallet 12(b) along 
conveyor 32(b) out of the assembly module and the insertion of a new pallet 12(a) that is filled with front curve mold 
halves, each one of which has been dosed with a monomer at the filling module 53. Pallet 12(a) is advanced into 
position as illustrated in Figure 1 0(d) but is registered in precise position by means of tapered registration pins 306,307 
which cooperate with the blind registration holes 129(a), 129(b) formed on pallets 12, as illustrated in Figure 7(a). The 

so taper on pin 306 is sufficient to register the pallet within ± .1 mm for the purposes of precision assembly of the mold 
halves. 

[0147] The assembly cycle begins by reciprocating both the vacuum manifold housing 272 and the primary housing 
273 downwardly until a perimeter seal 310 contacts the outer perimeter 140 of the pallet 12(a). As contact is made 
with the perimeter seal, a vacuum switch is actuated by means of a proximity switch adjacent to reciprocating cross- 
55 head 278 which actuates a second vacuum source which draws a vacuum through vacuum tube 311 and the interior 
of reciprocating drive tube 274 to evacuate the chamber formed between the vacuum manifold housing 272 and the 
platform 276. 

[0148] It should be noted that the vacuum drawn in the two reciprocating drive tubes 274,275 is slightly different, 
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with the vacuum drawn in the tube 275 being slightly greater than that drawn in tube 274 in order to insure that the 
back curves are retained on the reciprocating pistons 271 prior to their deposition on the monomer and the front curve 
mold half. In the preferred embodiment, the pressure drawn in the vacuum manifold around the pallet 12(a) is on the 
range of 5 to 7 millibars while the vacuum drawn within the reciprocating pistons 271 is on the order of 3 to 5 millibars. 

5 [0149] After the vacuum has been established in the vacuum manifold housing 272, the vacuum manifold housing 
ceases to reciprocate and remains stationary with respect to the pallet 12(a). However, the upper or primary housing 
273 continues to reciprocate downwardly enabling the back curves to contact the monomer and slowly displace it 
outwardly to fill the mold cavity as the two mold halves are assembled. The vacuum maintained around the housing 
enables the assembly of the two curves in a more rapid and expeditious manner than if assembled under ambient N 2 

10 pressure. When assembled under vacuum, the deposition speed may reach as high as 5 mm per second, whereas 
without vacuum, any speed greater than 1 mm per second may result in undue agitation of the monomer and the 
creation of bubbles which affect and impair the quality of the resultant lens. Thus, an assembly step which requires 6 
to 9 seconds in atmospheric pressure can be accomplished in 1 to 2 seconds. Further, if a vacuum is not drawn, it is 
possible for nitrogen to be trapped between the mold halves or between the monomer and the back curve thereby 

15 creating another bubble or puddle which will result in rejection of that lens. 

[01 50] Independent travel of the two manifolds 272,273 is provided since the vacuum manifold housing 272 no longer 
reciprocates downwardly after it is seated on pallet 1 2(a). However, the upper primary housing continues to reciprocate 
downwardly depositing the back curve mold half, and continuing on to thereby completely compress springs 283 and 
284. As these spring members are compressed, the reciprocating pistons 271 float between pneumatic cylinders 293 

20 which have been pressurized to a predetermined pressure and the back curve mold half 30. Thus, the final clamping 
pressure on the back curve mold member is determined by the air pressure maintained in pneumatic cylinders 293, 
and not by spring members 283,284, or the pressure generated by drive motor277. This enables independent reciprocal 
movement or floating movement of each of the reciprocal pistons 271 , while enabling all of the pistons to be pressurized 
to a common predetermined value. Thus, misalignment of a single mold part will not destroy the entire batch of mold 

25 assemblies on pallet 12(a). 

[0151] The clamping pressure firmly seats the back curve mold half 30 on the front curve mold half 10 and seats the 
convex portion 33(a) of the mold 30 against the parting edge 1 4 formed on the front curve mold half 1 0 thereby severing 
the monomer in the lens blank 8 from the monomer in the HEMA ring 13. After the mold halves have been seated, the 
vacuum in each of the reciprocating pistons 271 is first broken by opening a valve in vacuum line in 304. Shortly 

30 thereafter, and after an optional predetermined clamping period and a predetermined clamping pressure, the vacuum 
between the vacuum manifold housing and the pallet 12(a) is broken by opening a valve in vacuum line 311 . Typically 
the period is .5 to 3 seconds, but preferably is 1 .5 seconds. The clamping pressure may range from .5 to 2 Kg/per lens 
but preferably is 1 Kg/per lens. Thereafter, drive motor 277 is actuated and the entire assembly module 59 is raised 
upwardly and reset for a new back curve pickup and a new cycle of operation. In the event the optional clamping 

35 movement is not provided, the resilient biased pistons 271 may be fixably mounted in vacuum manifold 272 and re- 
ciprocates downwardly to seat the back curve well into the monomer, but 0.1 - 0.2 mm from sealing engagement with 
the parting ring 14. In this embodiment the optional clamping step may also be provided in the precure step. When 
seated in this manner under vacuum conditions, with a completely filled mold cavity sealing the mold halves together, 
atmospheric pressure will "clamp" the mold halves together at 14.7 psi when the vacuum in the vacuum manifold 72 

40 is broken. 

[0152] As illustrated in Figure 8(b), after exiting the mold assembly module 55 of apparatus 50, the pallets 12(b) that 
had transported the back curve lens mold portions are empty and are recirculated back to the supply conveyor 29 to 
pick-up a new set of back curve lens molds from the injection mold 102(a). To accomplish this, ram assembly 155 
having a reciprocating ram head 1 56 is enabled to push the empty pallet 1 2(b) from the exit of module 55 in the direction 

45 indicated by arrow "K" where the back curve supply conveyor 29 picks up the pallet 1 2(b) for recirculation at the back 
curve lens mold pick up point. Additionally, as shown in Figure 8(b), a second reciprocating ram 155' and ram head 
156' is provided to push, in the direction indicated by arrow "L", a pallet 12(a) containing front curve lens molds back 
to the front curve supply conveyor 27. This is done only if the line quality control system indicates that a pallet 12(a) 
contains a lens mold assembly having mold halves that are misaligned, that are not seated correctly in a pallet recess 

50 or are out of specification in some manner. Detection of errors may occur at a variety of locations in the production 
line, including or at the filling and mold assembly stations and the pallets are flagged by control means (not shown) so 
they may be rejected by ram 155' for recirculation. The contact lens production line facility includes a suction vent 
apparatus for removing the mold assemblies from the rejected pallet 12(a) while being recirculated back to or while on 
front curve supply conveyor 27. 

55 [0153] As shown in Figure 8(b), the individual pallets 12(a) containing the eight contact lens mold assemblies leave 
the filling/mold assembly apparatus 50 on conveyor 32(c) at a rate of 1 2 mm/sec before entering the precure assembly 
60 where the front and back curve mold halves are then clamped together in the precure step. 
[0154] As will be explained below, while the mold halves are clamped under pressure, the polymerization mixture is 
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then exposed to actinic light, preferably from a UV lamp.- Typically the mold halves are clamped for approximately 40 
seconds with 30 seconds of actinic radiation. At the completion of the precure step, the polymerization mixture has 
formed a partially polymerized gel, with polymerization initiated throughout the mixture. Following the precure step, 
the monomer/solvent mixture is then cured in the UV oven apparatus 75 whereby polymerization is completed in the 
5 monomer(s). This irradiation with actinic visible or ultraviolet radiation produces a polymer/solvent mixture in the shape 
of the final desired hydrogel lens. 

[0155] In the preferred embodiment of the present invention, two separate devices are illustrated for transport of the 
pallets 12(a) within the precure apparatus 60. 

[0156] A first transport mechanism is described with respect to Figure 8(b), 17, 19 and 20 while a completely different 
10 mechanism is illustrated in Figures 21 and 22. The method employed by each is essentially the same, in terms of the 
clamping action and actinic exposure and differs only in the apparatus used to effect the handling of the pallets. 
[0157] As illustrated in Figure 8(b), the conveyor 32(c) delivers pallets 12(a) containing a plurality of molds to an 
accumulating section generally indicated as 168 which assembles a plurality of pallets for a batch operation at the 
precure assembly 60. Accumulator section 168 includes a holding mechanism 166 that is timed by a control means 
15 (not shown) to halt a lead pallet in place on the conveyor 32(c) and enable a predetermined number of subsequent 
pallets to assemble behind the halted lead pallet to enable batch processing at the precure apparatus. In the preferred 
embodiment, twelve pallets are accumulated enabling up to ninety-six (96) mold assemblies to be processed at the 
precure apparatus 60 in a batch mode for an extended period of time of 30 to 60 seconds while continuously receiving 
new pallets from the production line at the rate of 1 every 6 to 12 seconds. 
20 [01 58] As shown in Figure 8(b), lead pallet 1 2(a') is halted behind holding mechanism 1 66 while the rest of the pallets 
accumulate therebehind. Up to twelve pallets are being processed in the mold clamping and precure assembly 60 
while the new set of pallets are being accumulated in accumulating section 168, thus, assuring a continuous flow of 
pallets into the precure assembly. 

[01 59] After accumulating up to twelve pallets in accumulating section 1 68, holding mechanism 1 66 is retracted and 
25 the batch pusher aim 173 is extended to align the twelve pallets on the conveyor 32(c) conveniently within arms 171 
(a),1 71 (b). It is understood that a suitable track mechanism 1 75 and driving means (not shown) is provided for enabling 
bi-directional and orthogonal horizontal movement of batch pusher arm 173. Once the 12 pallets are aligned between 
arms 171(a),(b) of batch pusher arm 173, the pusher arm is driven in the horizontal direction indicated by arrow "M" 
as shown in Figure 8(b). The previous set of twelve pallets that had been undergoing mold clamping and precure are 
30 simultaneously pushed out of the precure assembly 60 by the arm 1 71 (b) of batch pusher 1 73 as the new sets of pallets 
are brought in by the batch pusher 1 73. In the partially exposed view of the UV polymerization oven in Figure 8(b), six 
(6) of the previous set of pallets have been pushed onto a conveyor 31 (b) in the curing apparatus 75 thus, dividing the 
set into two batches of six pallets each for UV polymerization as described hereinbelow. 

[0160] As shown in Figure 8(b) after a new batch of twelve pallets are brought into precure apparatus 60 for mold 
35 clamping and precure, the batch pusher arm 171(b) is retracted back in the direction of arrow "N" and the batch ram 
assembly 1 76 of batch switching apparatus 45 is simultaneously extended to push the other six pallets of the previous 
batch to an entry area 177 where the six pallets will be pushed on to a second conveyor 31(a) for transport into the 
UV cycling polymerization apparatus 75. 

[0161] Figure 17 illustrates a side elevation view of one embodiment of the precure apparatus 60. As illustrated in 
40 Figure 17, the precure apparatus receives a plurality of pallets having a plurality of contact lens molds therein, from 
the infeed conveyor 32(c). The infeed conveyor 32(c) delivers the pallets 1 2(a) and mold assemblies 39 to the precure 
station in an optional low oxygen environment, which environment may be accomplished by pressurizing an enclosure 
326 with nitrogen gas. Prior to polymerization, the monomer is susceptible to oxidation from oxygen which results in 
degradation of the resultant lens. 
45 [0162] The precure assembly 61 of the precure apparatus 60 is partially visible in the breakaway portion of Figure 
1 7 and more fully illustrated in Figures 1 9 and 20. As explained in further detail in co-pending contemporaneously filed 
case VTN-83 (see item 11 on the attached Concordance), the assembly is raised and lowered into engagement with 
pallets containing contact lens molds by virtue of a pneumatic cylinder 320 which raises and lowers an intermediate 
support beam 321 and reciprocating shaft members 322 which are journaled for reciprocating support in member 323. 
50 After the precure operation, the pallets are discharged through a nitrogen ventilation and lock mechanism 324 for 
subsequent cure by heat and cycled actinic radiation in the UV polymerization apparatus 75 as will be explained in 
further detail below. 

[0163] Figures 1 8(a) and 1 8(b) are diagrammatic representations of alternate embodiments of the precure apparatus 
60. Each embodiment of assembly 61 includes multiple vertical reciprocal movements for an optional clamping step, 
55 a first one of which is illustrated in Figure 1 8(a) in response to movement from air cylinder 320 and reciprocating beam 
321 . As the precure apparatus is lowered along the axis illustrated by arrow "A", a plurality of annular clamping means 
340 will engage the upper annular flange 36 of each of the mold assemblies carried within pallets 12(a). The plurality 
of annular clamping means 340 are mounted on and travel with a reciprocating platform 61 of the apparatus, and are 
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resiliency mounted therein for a second parallel reciprocal movement along the directions of arrow "B" illustrated in 
Figure 18(a). 

[01 64] In the practice of the invention, the clamping force may be generated by atmospheric pressure, on the outside 
of mold halves assembled under vacuum, by an "over travel" clamping apparatus as previously described with respect 
5 to assembly module 55, by the optional clamping apparatus in the precure station 60, or by all of the foregoing, in 
combination. 

[0165] As illustrated in Figure 18(a), the optional clamping means 340 are biased within frame 352 by springs 312 
(illustrated diagrammaticaliy) which may be an air spring 312(a) (Figure 1 8(a)) or a helical spring 312(b) (Figure 18(b)) 
or may be generated by the physical mass of the clamping member. As the apparatus is lowered, the clamping means 

10 340 will engage and clamp the first and second mold halves together with a force determined by the spring means 
312. When air springs are used, the force will be determined by the amount of air pressure provided to the air chamber 
312(a) by air pressure means 72. While clamping means 340 have been illustrated as two annular members in Figures 
18(a) and 18(b) for illustrative purposes, it is understood that in the embodiment illustrated in Figures 17, 19, 20, 21 
and 22 there are 96 individual annular clamping means, with an individual clamping means for each of the mold as- 

15 semblies 39. 

[0166] Positioned above the clamping means are a plurality of actinic light sources 314 which may be UV lamps. A 
pyrex glass plate 395 separates the precure area from the actinic light sources 314. This glass plate enables cooling 
of the actinic light sources 314, while maintaining the mold assemblies at a temperature ranging from ambient to 50°C. 
It also protects the actinic light sources 314 from emissions from the monomers. After the clamping means has engaged 

20 the mold halves to clamp them together, a shutter mechanism 315 is opened by an air cylinder to enable the actinic 
light source 314 to initiate polymerization of the polymerizable composition in each of the mold assemblies 39. Shutter 
315 has a plurality of openings 31 3 defined therein and is reciprocal along the X axis (indicated by arrow "C" in Figure 
1 8(a)) in order to open and close exposure passage ways 347. The embodiment of Figure 1 8(b) is essentially similar 
to the embodiment of 18(a) with respect to the location of light source 314 and shutter 315, and the way they expose 

25 the mold assemblies to actinic radiation. 

[0167] The operation of the precure apparatus 69 is set by a control circuit, indicated at 310, which controls the 
duration of the clamping period by the length of time air cylinder 320(a) is activated to its reciprocal down position. The 
control circuit also controls the amount of radiation received by the molds controlling the duration of the exposure 
period through operation of shutter 31 5 and the air cylinder 346. The intensity may also be manually adjusted by raising 

30 or lowering the lamps 314 with respect to mold assemblies 39. 

[0168] The amount of force applied by clamping means 340 may be varied from approximately 0.5 Kgf to 2.0 Kgf 
per lens or mold assembly 39, by pneumatic controller 372, and is applied to keep the flange 36 of the back curve mold 
half parallel to the flange 1 8 of the front curve mold half for the duration of the exposure. The clamping weight is applied 
for 1 0 to 60 seconds, but typically for a period of 40 seconds. After approximately 1 0 seconds of weight, actinic radiation 

35 from UV lamps 31 4 is applied to the assembled mold and the polymerizable monomer or monomer mixture. Typically, 
the intensity of the UV light source is 2-4 mW/cm 2 , and this intensity of light is applied for 10 to 50 seconds, but in the 
preferred embodiment, is applied for 30 seconds. It should also be understood, that in a batch mode, the cure could 
proceed to completion, to eliminate the cure ovens 75. It is understood that different intensities and exposure times 
could be used, including pulsed and cycled high intensity UV on the order of 10 to 150 mW/cm 2 with exposure times 

40 running from 5 to 60 seconds. 

[0169] At the end of the radiation period, the shutter 315 is closed by reciprocating it to the right as illustrated in 
Figure 1 8(a) and the weight is removed by energizing cylinder 320 to lift the precure assembly 61 upwardly by means 
of push rods 322. As the assembly 61 is lifted, the clamping means 340 will be lifted clear of the molds and pallets to 
enable the batch pusher arm 1 73 transport them out of the precure means as described above to conveyors 31 (a),(b) 

45 for transport through the cure ovens. During the precure time, the temperature in the system may be varied from 
ambient to 50°C. 

[0170] At the conclusion of the precure process, the monomer has gone through initiation and some degree of po- 
lymerization. The resultant lens is in a gel state with some areas of the lens that have the least thickness, i.e., the 
edge, having a higher degree of polymerization than the body. The clamping and precure of the edge, under pressure, 

50 results in a cleaner and more evenly defined edge for the final lens product 

[0171] Figures 17, 18(a) and 21, 22 depicts a second embodiment for the batch handling of pallets 12(a) at the 
precure station. As described above with respect to Figures 17, 18(a) and 19, 20, the first embodiment reciprocated 
the UV lamps and clamping members into and out of engagement with the mold assemblies 39 and pallets 1 2(a) carried 
by conveyor means 32(c). In the embodiment illustrated in Figures 18(b) and 21 , 22, the UV lamps are stationary, and 

55 the pallets 1 2(a) are lifted from a roller conveyor 32(e) into engagement with the clamping means for the precure period. 
Additionally, in the first embodiment, the conveyor system splits the line into two lines 31 (a),(b) following precure, while 
in the following precure embodiment, two separate lines have already been formed. 

[0172] The clamping means utilized by the embodiment illustrated in Figures 18(b) and 21 , 22 utilizes the clamping 
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means 340 previously described with respect to Figure 1 8(b). In this second embodiment, a plurality of clamping means 
340 are mounted above a roller conveyor 32(e) illustrated in side view in Figure 18(a) by rollers 32(e). A plurality of 
lifting standards 381 are positioned between groups of rollers 32(e) on centers approximate the width of the pallets 12 
(a). In Figure 22, a first row of pallets 12(a) is depicted resting on rollers 32(e) with adjoining edges of each of the 

5 pallets aligned along the top of the lifting standards 381 . 

[0173] The pallets 12(a) are aligned in position by means of stop means 383 which is lifted by air cylinder 382 during 
the loading of the precure apparatus. During loading of the device, the stop means 383 is reciprocated upwardly, and 
the requisite number of pallets 12(a) are advanced into the precure apparatus. When 6 pallets in each row have been 
advanced, a second stop means 384 is lifted by air cylinder 385 to define a limit on X axis travel as illustrated in Figure 

10 22. A separate air cylinder 387 is used in cooperation with stop means 384 to align the adjoining edges of the pallets 
12(a) above the centers of the lifting standards 381 . After the pallets have been aligned, the lifting standards 381 are 
reciprocated upwardly by means of intermediate support frame 388 and a pneumatic motor generally indicated as 390. 
[0174] The pallets are reciprocated upwardly to the position illustrated at 12(a') in Figure 18(a), in which position 
they engage the clamping member 340 as previously described. Each of the clamping members 340 also include a 

15 separate independent and resilient spring 312(b), as described in aforementioned case VTN-83 for driving clamping 
member 340 and the upper mold half 30 (back curve) against the lower mold half 1 0 (front curve) during the precure 
period. 

[0175] After the pallets and mold halves have been raised by air cylinder 390 and the first and second mold halves 
clamped together by means of clamping means 340, a reciprocating shutter 315(a) is shifted as illustrated in Figure 
20 18(a) to align a plurality of openings therein with the central openings formed in the clamping means 340 and thereby 
enable exposure of the monomer in the mold halves by means of actinic light sources 314 as described generally 
above with respect to Figure 1 8(a). A pyrex glass plate 395 separates the actinic light sources from the precure area. 
The clamping period and the amount of exposure to radiation are controlled by a control means in the manner previously 
described. 

25 [0176] Following the precure of the monomer in mold assembly 39, the pallets 12(a) are reciprocated downwardly 
to the roller conveyor illustrated in Figure 1 7 as 32(e) and advanced by incoming pallets 1 74 to subsequent conveyors 
31(a),(b). The individual pallets 12(a) containing the eight contact lens mold assemblies then enter the UV- cure and 
polymerization assembly 75 on two tracks 31(a),31(b) as shown in Figure 2. In the UV-polymerization assembly 75, 
the pallets are conveyed at a rate of approximately 5.5 mm/sec. 

30 

LENS CURE 

[0177] A preferred apparatus for carrying out the present invention, as illustrated in Figures 8(c) and 23, includes a 
pair of conveyor means 31 (a),31 (b) for moving pallets 12(a) containing the mold assemblies 39 in the direction of the 
35 arrow. Preferably, conveyor means 31 (a),31 (b) includes belts on which the carrier 12(a) carrying the moid assembly 
39 (or moid assemblies) is carried. A convention control means (not depicted) such as a variable speed motor is 
connected to conveyors 31 (a) ,31 (b) to control the rate at which the conveyor means mover carrier 12(a) through the 
polymerization zone. 

[01 78] Reference numeral 330 denotes generally a housing for a source which emits ultraviolet radiation as described 
40 herein. The housing 330 is disposed over both conveyor means 31(a),31(b) so as to span the path of both conveyors 
leaving a space through which the conveyor carries carrier 12 and mold assembly 39 under the housing. Housing 330 
can comprise one unitary section or can be composed of several discrete sections arrayed side by side, as shown as 
units 331 and 332 in Figure 8(c). 

[0179] Figure 23 shows generally, in vertical section, any of units 331 ,332 of Figure 8(c). Each unit preferably has 
« a flat horizontal surface 33 to which are affixed one or more elongated light bulbs 334 of the type commercially available 
for emitting ultraviolet radiation. Figure 23 shows a single bulb, which is one of a multiplicity of bulbs, which is the 
preferred arrangement to use when several ranks of mold assemblies are disposed side-by-side on the conveyor. The 
bulbs are arrayed side by side, with their longitudinal axes parallel, and in the units indicated at 331 those axes are 
parallel to the direction of travel of the mold assembly and in the units indicated at 332, those axes are transverse to 
50 the direction of travel of the mold assemblies 39. The bulbs are mounted in standard electrical fixtures 335, which hold 
the bulbs in a horizontal plane parallel to the conveyor and the mold assemblies. Each of the ultraviolet bulbs 335 is 
connected to an electrical control means (not depicted) for supplying suitable electric current to the bulbs for actuating 
them to emit ultraviolet radiation. 

[0180] The bulb or bulbs 335 under which the mold assemblies travel have the property that the intensity of the 
55 ultraviolet radiation (measured as, for instance, Mw/cm 2 ) is different at different points along the length (i.e., along the 
longitudinal axis) of the bulb. At the regions at each end of the bulb, the intensity is at or below a first intensity level 
which, at the given distance from the bulb to the mold assembly, is insufficient to cause initiation of polymerization of 
the polymerizable composition (which first intensity level may be zero). Between the ends of the bulb there is at least 
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one region within which the intensity of the emitted ultraviolet radiation equals or exceeds the minimum level necessary, 
at the given distance from the bulb to the mold assembly, to initiate polymerization of the polymerizable composition. 
During operation, as the mold assembly passes along the length of the bulb, the intensity of the ultraviolet radiation 
that the mold assembly receives cycles at least once from an intensity level insufficient to initiate polymerization up to 

5 a intensity at which polymerization is initiated and back down to an intensity level insufficient to initiate polymerization. 
[0181] Preferably, two or more such bulbs 335 are arrayed end to end in adjacent housings 331 over the path that 
the mold assemblies travel. Each bulb can then have at least one region emitting radiation of sufficient intensity to 
initiate polymerization and flanking regions of lesser intensity insufficient to initiate polymerization. In that way, even if 
each individual bulb has only one region intermediate its ends, which initiates, polymerization, each cycle of increasing 

10 and decreasing intensity occurs at least two times, during the passage of a given mold assembly under the series of 
ultraviolet bulbs. It is preferred that three to six, more preferably five, bulbs be employed end to end so as to expose 
the polymerizable composition to three to six, preferably five, cycles of increasing and decreasing ultraviolet intensity. 
[0182] In addition, a source of heat is provided which is effective to raise the temperature of the polymerizable com- 
position to a temperature sufficient to assist the propagation of the polymerization and to counteract the tendency of 

15 the polymerizable composition to shrink during the period that it is exposed to the ultraviolet radiation. A preferred 
source of heat comprises a duct 336 which supplies warm air under the mold assembly as it passes underthe ultraviolet 
bulbs. The warm air is exhausted through the opposite end of the housing, and maintained at a controlled temperature 
of 45° to 70° , with a preferred temperature that varies from housing to housing as will hereinafter be detailed. Adjustable 
air passage ways 337 enable precise adjustment of the airflow beneath the conveyors and pallets. 

20 [0183] It has been discovered that through careful control of the parameters of this operation, as described herein, 
a superior fully polymerized contact lens can be produced which exhibits reproducible successful production within a 
relatively minor period of time. Without intending to be bound by any particular theory of operation, the observed per- 
formance of this system is consistent with the proposition that as the intensity of the ultraviolet radiation increases, 
polymerization is initiated at a number of different sites, and that thereafter decreasing the intensity of the ultraviolet 

25 radiation, coupled with exposure to an effective amount of heat, permits the initiated polymerization to propagate pref- 
erentially over the continued initiation of new polymerization. Then, as cycles of increasing and decreasing ultraviolet 
intensity are repeated, fresh initiation of polymerization occurs even as the previously initiated polymerization continues 
to propagate. In this way, careful control of the magnitudes of the low and high ultraviolet intensity levels, by selection 
of bulbs of appropriate radiation intensities and by adjustment of the distance between the bulbs and the mold assem- 

30 blies with the polymerizable compositions, and careful control of the rate of change of the ultraviolet intensity (by 
selection of the rate of movement of the mold assemblies past the bulbs and selection of the number of bulbs arrayed 
end to end and their lengths), produces a polymerized article in 1 which there is no residual unpolymerized monomer 
remaining, while the overall distribution of polymer chain lengths provides a superior contact lens, and in which the 
polymerized article fills the mold cavity without any voids in the article or between the article and the inner surfaces of 

35 the cavity. 

[0184] The method and means of the present invention are further illustrated in the following exemplification, in which 
the pallets 12(a) are fed from the precure apparatus 60 to a pair of conveyor belts 31(a),31(b) which travel the length 
of the polymerization apparatus. 

[0185] The pallets move on conveyor belts which pass under a series of six smaller housings 331 and three longer 
40 housings 332 arrayed side by side as shown in Figure 8(c) (only five smaller housings are illustrated in Figure 8(c)), 
with each housing after the first holds filled with ultraviolet-emitting bulbs. All bulbs are mounted to their respective 
housings to lie in the same plane. The vertical distance from the plane of the pallet to the plane of the bulbs, in the first 
housing that contains bulbs that the mold assemblies encounter, should be about 25 mm to about 80 mm. That vertical 
distance to the bulbs in the subsequently traversed housings should be about 50 to about 55 mm. 
45 [0186] A duct similar to 336 blows heated air into each of the spaces under all six housings, including the first 331 
(a) that has no ultraviolet-emitting bulbs. The preferred temperatures to maintain around the pallet under each housing 
are about 49° C to about 64°C under the first two housings, and about 49°C to about 59°C under the other four. 
[0187] The rate at which the pallet travels is preferably sufficient so that the total time that elapses from the moment 
that a given mold assembly first enters under the first housing until it emerges from under the last one is preferably 
50 about 300 to about 440 seconds. 

[0188] By operating in this manner, the mold assembly is exposed to multiple cycles of increasing and decreasing 
ultraviolet radiation intensity In each cycle, the intensity of the ultraviolet radiation ranges from about zero, up to about 
3-3.5 mW/cm 2 , and then back to about zero. Since the bulbs are of essentially identical length and the pallet moves 
at a constant speed, each cycle in the first six ovens lasts essentially the same length of time. 

55 

THE DEMOLDING STATION 

[0189] After the polymerization process is completed, the two halves of the mold are separated during a demolding 
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step leaving the contact lens in the first or front curve mold half 10, from which it is subsequently removed. It should 
be mentioned that the front and back curve mold halves are used for a single molding and then discarded or disposed of.. 
[0190] As illustrated in Figure 8(d), the pallets containing the polymerized contact lenses in the mold assemblies exit 
the polymerization oven apparatus along two conveyors 31(a),31(b), as described above, and enter into the demold 

5 assembly 90. The pallets are transferred from their conveyors and positioned along a respective transport carrier 1 82 
(a), 182(b) of dual walking beam conveyor 180 illustrated in Figure 28. As illustrated in Figure 28, transport carrier 182 
(a), 182(b) comprises a plurality of respective spaced apart push blocks, such as the four labelled 184(a),(b),(c),(d), 
that move horizontally to precisely transport a pallet containing mold assemblies through the demold apparatus 90. 
[0191] Figure 28 illustrates a partially cut side view of dual walking beam 180 showing transport conveyor 182(a). 

10 As shown in the Figure 28, the transport carrier beam 179(a) is mounted by suitable mounting means 197 on track 
193 for horizontal reciprocating movement thereupon. Motor 191 and suitable drive linkages 192 are provided to pre- 
cisely control the horizontal movement of the transport carrier beam 1 79(a) along the track 1 93 so as to enable push 
blocks to engage and advance the pallet along the carrier rails 1 83(a), (b). Additionally, as shown in Figure 28, the 
carrier beam 1 79(a) is retractable in the vertical direction by a series of pneumatic cylinders, two of which 1 90(a), 1 90 

15 (d) are shown in the figure. The cylinders 1 90(a),(d) and motor 1 91 are precisely controlled by control means to simul- 
taneously provide for the reciprocation and retraction of the transport carrier beam. 

[0192] In the preferred embodiment described in detail above, the transport carriers of the dual walking beam carries 
the pallets containing contact lens mold assemblies through the demold apparatus where, preferably, the flange portions 
of the front curve and back curve mold halves are gripped and pulled away from each other, either in directly opposite 

20 directions or through an angle in a prying sort of motion. 

[0193] Advantageously, the contact lens mold assembly is first heated moderately to facilitate separation of the po- 
lymerized article from the mold half surfaces. As explained in further detail in co-pending contemporaneously filed case 
VTN-82 (see item 10 on the attached Concordance), the demold apparatus 90 includes means for applying a precise 
amount of heat, which may be in the form of steam or laser energy, to the back curve lens-mold portion of the contact 

25 lens mold assembly, prior to prying apart the back curve mold half from the front curve mold half by a set of pry fingers 
that are inserted within the gap formed between the overlying flange portions of each mold half of the mold assembly. 
[0194] To position a pallet 12(a) from conveyor 31(a) to transport beam 182(a) of dual walking beam 180, the pallet 
is first clamped by upstream clamping jaws 186(a),(b) as shown in Figure 8(d). In a timed manner under control of 
suitable control means, the pallet is released and positioned on a pair of carrier guide tracks between a pair of push 

30 blocks, e.g., 184(a),1 84(b) of carrier 182 as shown in Figure 28, for transport through the demolding apparatus 90. In 
a similar fashion, to transport a pallet 12(a) from conveyor 31(b) to transport beam 182(b) of dual walking beam 180, 
the pallet is first clamped by upstream clamping jaws 187(a),(b) (Figure 8(d)), and then timely positioned on a second 
pair of carrier guide tracks between a pair of push blocks, similar to 1 84(a), 1 84(b) of carrier 1 82 for precision transport 
through the demolding apparatus. The operation of transport carrier 182(a) of dual walking beam 180 will now be 

35 described in further detail with respect to Figure 28. The transfer from clamping means 186(a) s (b) and 1 87(a), (b) to 
the dual walking beam is accomplished by a double armed push assembly 195 having a first arm 196 and a second 
arm 197. It operates in substantially the same way as the sequencing assembly 40 previously described with respect 
to Figure 8(a). 

[0195] As shown in Figure 28, the transport carrier 182(a),(b) includes a reciprocating carrier beam 1 79(a), (b) having 
40 plurality of push blocks 1 84(a),(b) l (c),(d), spaced equally apart on the respective carrier beams 1 79(a),(b) at a distance 
approximately equal to that of the length of a pallet. Each carrier beam 1 79(a),(b) is mounted for horizontal reciprocating 
movement in the directions indicated by the double-headed arrow "A-B" in Figure 28 for advancing the pallets 12(a) 
along respective guide tracks through the demold apparatus, and, is additionally mounted for reciprocating movement 
in the vertical direction as indicated by double-headed arrow "A'-B m . 
45 [01 96] Each pallet guide track includes a pair of tracking guide rails or shoulders for mating with respective notches 
28(a),(b) of the pallet as illustrated in Figure 7(b) and 30. The paired set of shoulders and respective pallet notches 28 
(a),(b) keep the pallet precisely aligned as it is being advanced by carrier blocks 1 84 throughout the demold apparatus, 
and, further prevents any vertical movement of the pallet 1 2(a) when the mold assemblies 39 are demolded. The height 
of a push block, e.g., block 184(a), is such that it will engage the edge of a pallet when the transport beam 179(a) is 
so vertically reciprocated in the direction indicated by arrow "A" 1 when advancing the pallet through the demold apparatus 
90, and, will disengage the edge of the pallet when carrier beam 1 79(a) is vertically retracted in the direction indicated 
by the arrow "B ,M . 

[0197] As previously described above, with respect to Figure 8(d), a pallet 12(a) is first positioned on the parallel set 
of tracks 183(a),(b) between the first two push blocks 184(a) and 184(b). To advance the pallet, the transport carrier 
55 beam 179(a) is driven forward in the direction indicated as "B" in Figure 28, so that push blocks 184(a),(b) engage 
pallet 12(a) to advance its position along the guide tracks 1 83(a), (b) from its previous position, to a new incremented 
position. The amount of incremented advance varies with the type of demolding apparatus employed. When the laser 
demold apparatus (Figures 24-27) is employed, the pallets are incrementally advanced to advance an entire pallet 
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length, and then a distance equal to the distance between centers of pairs of mold assemblies carried on pallet 12(a). 
This enables the laser demold apparatus to demold a pair of mold assemblies in each advance, and when the last pair 
is demolded, a new pallet is advanced into position. 

[0198] When the steam demolding apparatus is employed (Figures 30-39) the pallets are sequentially advanced one 
5 pallet at a time inasmuch as the steam demolding apparatus demolds the entire pallet in one step. Immediately after 
advancing the pallet 12(a), the transport carrier beam 179(a) is retracted in a vertical direction beneath the plane of 
the carrier rails 183(a),(b) so that the carrier beam (and push blocks thereon) may reciprocate horizontally beneath 
the pallet to its original position in the direction "A" as indicated in Figure 28. 

[0199] After reciprocating horizontally to its original position, the carrier beam 179(a) (and push blocks 184(a), (b),.. 
10 etc.) is extended vertically to its original position where the push blocks 184(a),(b) engage a newly registered pallet 
12(a) from conveyor 31(a), as previously described with respect to Figure 8(d). Additionally, the first pallet 12(a) that 
had been advanced on carrier rails 1 83(a), (b) is now engaged between push blocks 1 84(b), (c). By continuous recip- 
rocation of the transport carrier beam 179(a), (b) of dual walking beam 180, a precise and continuous flow of pallets 
through the mold separation apparatus 90 is assured. 

15 

LASER DEMOLDING 

[0200] Heating the back curve lens mold creates differential expansion of the heated mold polymer relative to the 
cooler lens polymer which shifts one surface with respect to the other. The resultant shear force breaks the polymerized 

20 lens/polymer mold adhesion and assists in the separation of mold portions. The greater the temperature gradient 
between the surfaces of the mold portions, the greater the shearing force and the easier the mold portions separate. 
This effect is greatest when there is maximum thermal gradient. As time continues, heat is lost through conduction 
from the back mold portion into the lens polymer and the front mold portion, and then collectively into the surrounding 
environment. The heated back mold portion is, therefore, promptly removed so that very little energy is transferred to 

25 the polymer lens, avoiding the possibility of thermal decomposition of the lens. 

[0201] The present invention discloses in two alternate embodiments, two different ways of heating the back curve 
and demolding the mold assembly. In the first of these two embodiments, heating the back curve may be accomplished 
by use of a source of electromagnetic radiation, preferably a carbon dioxide (C0 2 ) laser, applied to at least one of the 
mold portions. The laser is preferably of about 80 Watts at a wavelength of 1 0.6 urn. The exposure of the mold portion 

30 to the laser is between one half and one second. 

[0202] In the case of lasers, both mid-infrared and UV, the laser energy is nearly 100% efficient because the poly- 
styrene mold material is nearly 1 00% absorptive and only a tiny fraction of the incident radiation is reflected or scattered. 
In this way there is little or no energy lost to atmospheric absorption, so only the sample is heated. 
[0203] Also, because of the absorptive nature of the mold material at these frequencies, most of the laser energy is 

35 absorbed within several wavelengths travel into the material. From that point, heat is transferred only by conduction 
from the surface. For that reason, on initial exposure to the laser beam, a huge thermal gradient is formed between 
the exposed exterior surface and the surface of the mold portion in contact with the lens. 

[0204] The above objectives are attained by use of a source of electromagnetic radiation, preferably a carbon dioxide 
(C0 2 ) laser, applied to at least one of the mold portions and may be split into two beams to simultaneously heat the 
40 back curve of two mold assemblies. It has been found through empirical testing that the laser is preferably of about 80 
Watts per mold assembly at a wavelength of 10.6 um The exposure of the mold to the laser is between one half and 
one second. 

[0205] Lasers of this power range are available both in flowing gas and sealed laser types. In the preferred embod- 
iment of the laser demolding apparatus a Laser Photonics model 580 cw/pulse laser was integrated with an optical 

45 train as shown in Figure 25. 

[0206] Referring to Figure 25, the input beam 400 is generated by a laser (not shown). The beam first travels through 
a piano convex lens 41 2 which causes the laser beam to converge. As is readily appreciated by one skilled in the art, 
zinc selenide is an appropriate material for construction of the lenses and other optical components in an optical train 
using laser light of the above specified wavelength. 

50 [0207] As the beam further diverges it encounters integrator 418 which serves as an internal diffuser. The diffuser 
serves to scatter the laser light internally and provide for a more uniform beam. The beam as originally produced by 
the laser is typically not consistent across the beam in power distribution. Without a diffuser, this could lead to hot and 
cold spots on the incident object if a integrator is not used. 

[0208] Undesirable characteristics can result from under- and overexposure of the lens/mold combination to the laser 
55 energy. If the energy is non-uniform across the beam, both effects can be found on the same mold. Because a typical 
laser beam has a two dimensional Gaussian distribution of energy across the beam, the diffuser is necessary to square 
off the energy distribution. 

[0209] After emerging from integrator 418, the beam is now uniform and weakly converging, and is made to be 
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incident upon a beam splitter 420. The beam splitter passes half of the beam energy through the splitter and reflects 
the other half. The half of the beam 422 reflected by splitter 420 is reflected by mirrors 24 ultimately causing the beam 
to strike one lens/mold assembly 39(a). The other half of the beam 428 split by beam splitter 420, strikes mirror 430 
and is reflected to the other lens/mold assembly 39(b). 
5 [0210] In this preferred embodiment two mated mold portions containing a polymerized lens therebetween can be 
simultaneously heated by means of the apparatus. 

[021 1] Note that in this instance, the laser utilized between 1 50 and 200 Watts so that the laser power incident upon 
the mold pieces is the preferred, approximate 80 Watts. 

[0212] Also shown in this arrangement is a helium-neon alignment laser 434 that is used to assure proper alignment 
10 of the optics in the system. The helium neon laser 434 produces a beam which is reflected by mirror 438 toward the 
path used by the main laser beam 400. At the intersection of the alignment laser beam with the path of the main laser 
beam, the alignment laser beam encounters beam splitter 439 which places the alignment laser beam in the same 
path as the main laser beam. 

[0213] It was found that the preferred method for removing the back mold portion from-the front mold portion after 
15 heating the back mold portion with the laser, was to apply a relative tensile force between the mold portions. To apply 
this tensile force, the front curve mold half is held in place as illustrated in Figures 24(b), 26(a) and 26(b), wherein a 
pair of thin metal fingers 452,453 are fixably mounted above track rails 450,451 and pallet 12(a) to secure the front 
curve mold half 10 to pallet 12(a) during the pry operation. Finger 453 is an inverted T shaped member and secures 
the front curve mold half 10 with one flange 453(a) of the inverted T, and will engage a second front curve mold half 
20 (not shown in Figure 26(a)) with a second flange 453(b). The second flange 453(b) cooperates with a third flange 454 
to secure the second front curve mold half in position. 

[021 4] As pallet 1 2 is sequentially advanced through the laser demolder, the rails 452-454 sequentially engage each 
row of mold assemblies 39 to secure the front curve mold half. The back curve mold half flanges 36 are engaged by 
a pry fixture 448 (diagrammatically illustrated in Figure 24), which engages both sides of flange 36 as the pallet 12 is 

25 advanced into position by the walking beam conveyor block 184. Pallet 12(a) is then stopped, while pry fixture 448 
rotates about axis 456 in the direction of arrow M F" in Figure 24 to apply a tensile force to the back curve mold half 30. 
The upper part of the pry fixture 448 is capable of rotation about axis 456 so that after exposure of the back curve mold 
portion 30 to the laser, the fingers 456,458 pry the back curve mold portion up. The entire assembly is then lifted 
approximately 10 mm as noted by arrows "B'-B"" in Figure 24 to remove the back curve mold part completely. It has 

30 been found that when the metal fingers 456,458 were allowed to stop under the flange, and then tilted back approxi- 
mately 18°, the overall quality of the lens removed, and the resultant yield was better than currently employed pry 
techniques which only lift from a single side, and do not control the axis of the pivot point. 

[0215] It was determined that such above-described mechanical assistance was best supplied just after exposure 
to the radiation. Although no adverse effects would be contemplated if there was less time between exposure and 
35 mechanical removal, in practical terms the time between exposure and mold separation would be between about 0.2 
and about 1 .5 seconds. 

[0216] The preferred arrangement for demolding the back curve mold halves is more fully illustrated in Figures 27 
(a), 27(b) and 27(c) wherein Figure 27(a) is an elevation view of the apparatus, Figure 27(b) is a plan view taken along 
section line A-A 1 of Figure 27(a) and Figure 27(c) is an elevation side view taken along section B-B' of Figure 27(a). 

40 As illustrated in Figure 27(b), pallet 12(a) is on the second of a plurality of demolding cycles wherein laser beam 400 
will deliver intense electromagnetic energy from beams 428 and 422 through laser masks 429 and 423 to the second 
row of mold assemblies in pallet 12(a). The first row of mold assemblies is being demolded by pry apparatus 448 as 
was previously illustrated and described with respect to Figure 24. Pry apparatus 448 is rotated by shaft 449 within 
journal bearing 460 by a pair of links 461 and 462 which are illustrated in Figures 24 and 27(c). As illustrated in Figure 

45 27(c), link 462 is pulled in the direction of arrow "E" by a rack 464 which is driven by a pinion on a stepper motor 465. 
stepper motor 465 thereby rotates shaft 449 in the direction indicated by the arrow "F" in Figure 27(c) and Figure 24 
through approximately 1 8° of arc to separate the back curve mold half 30 from the front curve mold half 1 0. 
[0217] After the pry mechanism 448 and shaft 456 have been rotated, the entire assembly (as mounted on platform 
469) is lifted upwardly in the direction of arrow "G", about pivot point 466 by means of a slidable cam 467 which engages 

50 a roller cam follower 468 mounted on pivotable platform 469. Slidable cam 467 is advanced by a pneumatic or electric 
drive motor 470 to raise shaft 449 approximately 1 0 mm so that the attached pry apparatus 448 may be retracted for 
disposal of the back curve mold halves after they have been separated from the mold assembly. 
[0218] Each of the aforementioned components are mounted on a movable platform 471 which is shiftable in both 
the X and Y direction in order to dispose of the separated back curve mold halves as will be hereinafter described. 

55 Once the pry mechanism 448 has separated the back curve mold halves, and the mechanism has been lifted free of 
pallet 12(a), platform 471 is shifted to the right in the X axis as illustrated by the arrow "H" in Figure 27(a) by means 
of a pneumatic drive motor 472. Platform 471 is suspended from a stationary tower 473 and mounted for reciprocal 
movement along track 474 by means of a column tower 475. Platform 471 is shifted in the direction of arrow "H" in 
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order to place the separated back curve mold halves over disposal receptacle 476. Simultaneously, a scrapper mech- 
anism 477 is elevated by means of a pneumatic motor 478 to a position parallel with, and just below the surface of pry 
mechanism 448. The shiftable platform 471 is then shifted in the Y axis in the direction of arrow "J" in Figure 27(b) to 
scrape the separated mold curve from the pry fixture 448 and cause them to thereby drop into the receptacle 476 and 
5 be vacuated by means of vacuum line 480. Platform 471 is shifted in the Y axis by means of pneumatic motor 481 
which is f ixably mounted to platform 471 . Platform 471 is also mounted for reciprocal movement on tower 475 by means 
of rails 482,483. 

[0219] Platform 471 is then reciprocated back along the Y axes to its original position, and then along the X axes to 
its original position in directions opposite the arrows "J" and "IT illustrated in Figures 27(a) and 27(b). The slidable 

10 cam 467 is then withdrawn by drive motor 470 and the pry mechanism 448 is allowed to lower into position above 
pallet 12(a) while stepper motor 465 returns shaft 449 and the pry mechanism 448 to their original orientation. Laser 
400 is then energized to heat the second row of mold assemblies in pallet 12(a), and pallet 12(a) is then advanced 
into a pry position by means of reciprocating block member 184. Pallet 12(a) is constrained through the demolding 
apparatus on conveyor 32(f) by means of rails 450 and 451 which prevent vertical movement and any pitch, yaw or 

is roll of the pallet during the demolding operation. 

STEAM DEMOLDING 

[0220] The second of the two embodiments for heating the back curve and demolding the mold assembly uses steam 
20 as a high energy heat source. The mold separation apparatus of the second embodiment generally comprises two 
essentially identical steam discharge apparatuses and two associated demolding assemblies, shown as boundary box 
90 in Figure 8(d) for accomplishing the simultaneous demolding two parallel lines of a plurality of contact lens molds 
each containing an ophthalmic lens therein. The use of two parallel lines increases the throughput of the production 
line. The dual walking beam conveyors 1 80(a), 1 80(b) carry individual pallets, generally illustrated between blocks 1 84 
25 (a), 184(b) for registration within each twelve of the demolding stations. 

[0221] As illustrated in Figure 8(d), the dual walking beam conveyors 180(a), 180(b) comprises a parallel set of 
tracks, each track including a pair of tracking ribs for mating with respective grooves 28(a) formed in the pallet 12. The 
paired set of ribs and respective interlocking grooves 28(a) keep the pallet aligned as it is being conveyed within the 
demolding apparatus, and, as will be explained in detail below, prevents any vertical movement of the pallet 1 2 relative 
30 to the conveyor. The blocks 1 84 provide suitable registration means for precisely locating the pallets along the conveyor 
path for the demolding step. 

[0222] The demolding assemblies of the mold separation apparatus 90 each physically pry the back curve mold half 
30 from the front curve half 10 of each contact lens mold 11 to physically expose each contact lens situated in the lens 
mold for conveyance to a hydration station (illustrated schematically at 89 in Figure 8(d)) for hydration of the lenses. 

35 The prying process occurs under carefully controlled conditions, as will be explained in detail below, so that the back 
curve half 30 will be separated from the front curve half 1 0 without destroying the integrity of the lens 8 formed in the 
lens mold as schematically illustrated in Figure 29. To accomplish this, the mold separation apparatus first prepares 
the back curve half 30 of each lens mold assembly to enable quick and efficient removal from its respective front curve 
10 by applying a predetermined amount of heat, preferably in the form of steam, to the back curve half surface. 

40 [0223] Figures 30(a) through 30(d) illustrate figuratively and in partial cross-section, one demold assembly and a 
single track 180(a) having a pallet 12(a) of mold assemblies thereon. The demold assembly includes reciprocating 
beam 526 carrying a steam discharge apparatus 528 with eight steam discharge nozzles, two of which are illustrated 
as 527(a), 527(b). In the practice of the invention a separate demolded ^apparatus having a second set of nozzles is 
provided for the second conveyor track 1 80(b). The steam discharge assembly 528 includes eight steam head nozzles 

45 connected to a distribution manifold and a steam heat source (not shown), so that steam may be simultaneously applied 
to each of the mold assemblies on the pallet 12(a). To apply heat, the reciprocating beam 526 is lowered in the direction 
of arrow "A" in Figure 30(a) so that the steam head nozzles precisely engage their respective mold assemblies for 
applying steam at a carefully controlled temperature and duration. Figure 30(a) shows only two steam head nozzles 
527(a), (b) in engagement with the mold assemblies on pallet 12(a). 

so [0224] As shown in the general front plan view of Figure 32, each steam discharging apparatus 528 generally com- 
prises a plurality of individual nozzle assemblies 527 each mounted in each apparatus 528 at fixed locations corre- 
sponding to the location of each lens mold assemblies seated in the pallet 12. Thus, in the preferred embodiment, 
there are eight (8) individual nozzle assemblies 527 positioned in each discharge apparatus. 
[0225] Each steam discharge apparatus and the nozzle assemblies 527 therein are mounted for reciprocation on a 

55 first mounting platform 526 which moves in a plane transverse to conveyors 1 80(a), (b). The first mounting platform 
526 is caused to vertically reciprocate between a first upper position illustrated in Figure 30(d), for a duration of time 
to allow the pallet 12 carrying the lens mold assemblies to be registered beneath the steam discharge apparatus 528 
and, a second lowered position illustrated in Figure 30(a) whereby each nozzle assembly 527 is registered in sealing 
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proximity with the surface 34 of the back curve mold portion 30 to direct steam at the surface. The mounting platform 

526 is reciprocally driven by a plurality of screw/nut assemblies driven by a servo motor. 

[0226] A detailed front elevational view of steam discharging apparatus 528 is illustrated in Figure 32 and shows a 
cover assembly 650, a steam distribution manifold 630 located immediately beneath cover assembly 650 for distributing 

5 steam from each of two steam intakes to the eight individual steam nozzle assemblies 527, a condensate manifold 
640 located immediately beneath steam distribution manifold 630 for removing and regulating the steam pressure 
applied to the back curve lens mold surface during steam impingement, and a retaining plate 660 for retaining the 
individual steam discharge nozzles 527 and two steam intake valves 666(b), 666(a) in the apparatus. The steam intake 
valve 676(b) (and 676(a)) communicates with steam intake pipe 670 via plenum 669 to provide pressurized steam to 

10 the steam distribution manifold 630. Additionally, a vacuum source (not shown) is connected via suitable piping 672 
to the condensate manifold 640 at input 671 to evacuate the steam and to regulate the steam pressure applied to the 
back curve lens mold surface during steam discharge. 

[0227] A top plan view of the steam distribution manifold 630 of steam discharge apparatus 528 is illustrated in Figure 
34. As shown in Figure 34, the steam distribution manifold 630 is provided with a set of eight hollowed bores 660 that 
15 each seat a respective steam discharge nozzle assembly 527, and hollowed bores 666(a),(b) that seat respective 
steam intake valves 676(a), 676(b). Each bore 666(a), (b) is provided with four (4) conduits 668 that extend therefrom 
and communicate with a central axial bore of a respective individual steam discharge nozzle assembly 60 to provide 
steam to each nozzle as will be explained in detail below. 

[0228] A top plan view of the condensate manifold 640 of steam discharge apparatus 528 is illustrated in Figure 35. 

20 As shown in Figure 35, the condensate manifold 640 is also provided with a set of hollowed bores 661 each in axial 
alignment with the bores 660 of the steam discharge manifold, and bores 666(c), (d) in axial alignment with the bores 
666(a), (b) of the steam discharge manifold for accommodating respective steam intake valves 676(a), 676(b). Each 
bore 666(c), (d) is provided with four (4) conduits 669 that extend therefrom and communicate with a hollowed annular 
ring of a respective individual steam discharge nozzle assembly 572 for removing steam, as will be explained in detail 

25 below. The condensate manifold 640 also defines a channel 665 that connects the vacuum source at input 671 with 
four of the hollowed bores 661 and the hollowed annular ring of a respective individual steam discharge nozzle assembly 

527 when seated therein. 

[0229] A detailed cross-sectional view of the steam intake valve 676(b) (676(a)) is shown in Figure 36. Steam at 
100°C is input from a suitable source, as indicated by the arrow "B" in Figure 36, through central axial bore 641 and 

30 distributed to radial bores 651 that are radially aligned with conduits 668 of the steam distribution manifold 630 when 
the valve is seated therein . Thus, steam is distributed from radial bores 651 via the conduits 668 to each of the individual 
steam discharge nozzles 527. In an alternative embodiment, the radial bores 651 may be replaced with a hollowed 
annular bore 651 that communicates with the central bore 641 of the steam intake valve and each of the conduits 668 
of the steam distribution manifold. Steam intake valve 676(b) (676(a)) is provided with a circumferential annular indent 

35 659, such that, when the valve is seated within the discharge apparatus, the indent 659 is aligned with four of the bores 
661 and channel 665 and each of the conduits 669 of the condensate manifold 640. When the vacuum is applied to 
input 671 to relieve the steam pressure within the manifold, the alignment of the piping 665, indent 659, and conduits 
669 assures that the vacuum will be supplied to each of the discharge nozzle assemblies 527. A set of O-rings 677 
(a),(b),(c) surrounding the periphery of the steam intake nozzle 666(a) (666(b)) are provided and may be formed EDPM 

40 or other suitable polymer to provide an air-tight seal when seated within the respective manifolds of the discharge 
apparatus. 

[0230] A detailed cross-sectional view of an individual nozzle assembly 527 is shown in Figure 33. The nozzle 527 
includes a central axial bore 641 that forms a discharge orifice 642 located at the bottom 661 of the nozzle for dis- 
charging steam received from the steam distribution manifold 630. As mentioned above with respect to Figure 34, the 

45 central axial bore 641 of a respective individual steam discharge nozzle assembly 527 receives pressurized steam 
from a respective conduit 668 of the steam manifold 630. Surrounding the centralized bore 641 is a hollowed annular 
ring 671 having a plurality of bores 643 extending therefrom, two of which 643(a), 643(b) are shown in the view of 
Figure 33, and which terminate in venting orifices 644(a), 644(b) located concentrically around discharge orifice 642. 
The annular ring 671 of each nozzle 527 communicates with bore 661 and a respective conduit 669 of the condensate 

so manifold 640 so that the vacuum from the vacuum source will be supplied to the bores 643(a), (b) of the nozzle 527. 
During operation, the venting orifices 644(a),(b) will simultaneously exhaust the steam when steam is applied to the 
back curve lens mold surface through discharge orifice 642. 

[0231] The physical dimensions of the nozzle assembly 527 are best illustrated in Figure 33. It comprises essentially 
a cylindrical upper end 662 having the discharge steam input orifice at the top surface thereof. A cylindrical lower end 
55 661 that is smaller in diameter that the upper end has the discharge orifice 642 and venting orifices 644(a), (b). The 
diameter of the nozzle lower end is configured so that the discharge 642 and venting orifices 644(a),(b) thereof protrude 
within the concave surface 34 of the back curve lens 30 as shown in Figure 30(a) so as to direct steam directly at the 
back curve surface. The length of the nozzle that protrudes within the back curve 30 is approximately 1 mm - 2.5 mm. 
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[0232] Also shown in Figure 33, surrounding the periphery of the nozzle upper and lower ends, are O-rings 663(a), 
(b),(c) that may be formed of EDPM or other suitable polymer for providing an air tight seal when the nozzle 527 is 
situated within the hollowed bores of the steam and condensate manifolds 630,640 of the mounting head assembly 
667(a), (b). As described in greater detail below, when the nozzle 527 is reciprocated to the back curve mold half 30, 

5 the O-ring 663(c) of the lower nozzle end 661 forms a seal with the outer surface 34 of the back curve 1 0, as illustrated 
in Figure 30(a). The seal created between the O-ring 663(c) and the back curve mold creates a heating chamber 
between the nozzle and the back curve, and enables the steam discharged out of central discharge orifice 642 to be 
uniformly distributed along the outer surface 34 of the back curve mold 30 thereby ensuring an even temperature profile 
along that portion of the back curve lens mold surface 34 that is adjacent the contact lens. Thus, a uniform temperature 

10 gradient is created between the back curve lens mold surface 34 and the contact lens 1 01 to aid in the separation of 
the lens mold 30 from the contact lens 101 in the mold separation apparatus 90. Furthermore, the vacuum exhaust 
ports 644(a)-(d) and the O-rings 663(c) (and the seal created with the back curve lens mold surface) prevent water 
condensation from forming on the back curve mold surface. Preferably, steam at 1 00°C, is discharged for approximately 
2-4 seconds with the venting orifices 664(a),(b) simultaneously removing the steam from the lens mold surface. 

15 [0233] As illustrated in Figure 32, the cover assembly 650 of the steam discharge apparatus includes bores for 
accommodating one or more heater cartridges (not shown) which function to keep the nozzles 527 at a temperature 
that will prevent water condensation from forming on the nozzle surface and to assist in preventing water condensation 
from forming on the back curve surface 34. Preferably, the temperature of the heater cartridges are programmed to 
maintain the temperature of the nozzle at 100°C or greater. The cover assembly 650, as illustrated in the front eleva- 

20 tional view of Figure 32, accommodates two heater cartridge inlets 653(a), (b) with the cartridges therein connected to 
suitable heater cables 656(a), (b). 

[0234] As shown in Figure 30(a), during the time the steam discharge nozzles 527(a),527(b) thereof discharge steam 
to the back curve of the individual lens molds, a set 530(a),530(b) of pry tool are extended by pneumatic drive motors 
532,533, as indicated by the arrow "B'\ for insertion between the gaps formed between the respective front and back 
25 curves for each of the four lens molds situated on one side of the pallet 12(a). Likewise, a second set 530(c),530(d) 
of pry tools are extended by drive motors 534,535 in the direction of the arrow "B m for insertion between the gaps 
formed between the respective front and back curves of each of the four lens molds situated on the opposite side of 
the pallet 12(a). 

[0235] Next, as illustrated in Figure 30(b) after discharging the precision controlled amount of steam, the steam 
30 discharge assemblies and the steam nozzles 527 are retracted by a pneumatic drive as illustrated in Figure 30(b) by 
the arrow "D", this enables a suction cup assembly unit 590 to align with the pallet 1 2(a) as shown. As shown in Figures 
37-39, each suction cup assembly 590 contains eight suction cups (generally indicated as 585) for precise engagement 
with a corresponding back curve mold assembly on the pallet when the steam discharge nozzles 527(a), (b) are re- 
tracted. 

35 [0236] As illustrated in Figures 37-39, the suction cup assembly unit 590 shown in Figures 30(b)-(d) is mounted on 
the movable platform 582 and both reciprocate in both horizontal and vertical directions with respect to the pallets and 
mold assemblies. As shown in the detailed view of Figures 37-39, each suction cup assembly unit 590 comprises a 
mounting unit 588 having legs 589(a), (b) that accommodate suction cups 585 positioned in a one-to-one correspond- 
ence with the individual contact lens mold assemblies of a respective pallet. Thus, as illustrated in Figure 38 each leg 

40 589(a), (b) has four (4) suction cups 585 that are spaced apart for gripping a respective back curve lens mold. As 
mentioned generally above, each suction cup 585 of the suction cup assembly unit 590(a), (b) vacuum grips a respective 
back curve 30 of a corresponding lens mold after the prying operation described in detail below. The mounting unit 
588 and the legs 589(a) ,(b) thereof reciprocate along fixed guided mounts 582 by conventional pneumatic means. The 
vacuum suction is provided to each of the plurality of suction cups 585 via conduit 591 shown in Figure 37. 

45 [0237] In the preferred embodiment, the pry tools of demolding assembly 90, shown in the diagrammatic elevation 
views of Figure 31 are more fully illustrated in plan view in Figure 31 . As illustrated, two paired sets of pry tools 530 

(a) -(d) and 540(a)-(d) each arranged on opposite sides of respective pallet conveyors 180(a), 180(b). As shown in the 
Figure 31 , the first set of pry tools 530(a), (b) and a second set of pry tools 530(c), (d) are located on respective opposite 
sides of the conveyor 180(a) to enable the removal of the back curve lens mold from the front curve for each of the 

so eight lens mold assemblies situated in a registered pallet 12 as represented by the phantom center lines on conveyor 
180(a). Each set of tools 530(a), (b) and 530(b),(c) include upper and lower fingers which separate vertically, one from 
the other, in a manner to be herewith described in detail. Upper pry tool 530(a) includes a plurality of fingers 51 6 that 
form four bights or lens receiving areas 570, and lower pry tool 530(b) includes a plurality of fingers 515 that form four 
bights or lens receiving areas. Similarly, a first set of pry tools 540(a), (b) and a second set of pry tools 540(c), (d) are 

55 located on respective opposite sides of the conveyor 1 80(b) to enable the removal of the back curve lens mold from 
the front curve for each of the eight lens mold assemblies situated in a registered pallet as represented by the phantom 
center lines on conveyor 180(b). The description that follows is directed to one paired group of pry tools, e.g., 530(a), 

(b) and 530(c), (d) but it is understood that the following description applies equally to the other paired group of pry 
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tools 540(a)-(d) for the pallet conveyed on conveyor 180(b). 

[0238] As shown In the detailed side view of Figure 29 and Figure 30(a) the top group of pry fingers 516 is situated 
directly above the bottom group of pry fingers 515 and may be simultaneously Inserted into the gap "A" illustrated in 
Figure 29 defined between the circumferential flange portion 36 of the back curve 30 and the circumferential edge 

5 portion 18 of the front curve 10. The top and bottom fingers 515, 516 of pry tools 530(a),(b) are further reciprocable in 
a vertical direction with respect to each other to perform a prying operation, as will be explained in detail below. 
[0239] As further illustrated in Figure 30(a), each set of pry tools 530(a), (b) are inserted in a manner such that fingers 
515 thereof of a bottom set of the pry tools anchors the annular flange portion 1 8 of the front curve of the lens mold to 
the surface of the pallet, and that the fingers 516 of a top set of pry tools by action of a vertical drive means will lift 

10 beam 526 in the direction of arrow "C" in Figure 30(c) which will then vertically separate (Figure 30(c) and (d)) the back 
curve mold portion 30 of the mold assembly from the front curve mold portion 1 0 without destroying the integrity of the 
contact lens or either of the mold parts. 

[0240] During the mold separation step illustrated in Figure 30(c), vacuum suction for the suction cup assembly 590 
is activated, and the top group of pry tools 530(a),530(c) having a plurality of fingers 51 6 illustrated in Figure 31 , are 
15 caused to separate from the lower group of pry tools 530(b),530(d) by a vertical drive means to bias the circumferential 
flange of each of the back curve molds 30 away from each of the front curves 1 0 which retain a respective contact lens 
therein and are anchored by the lower group of pry fingers 515. 

[0241 ] As illustrated in Figure 29, the use of a controlled lifting motion between pry fingers 51 5 and 51 6 tends to bow 
the convex portion inwardly which will initiate a bilateral separation of the back curve lens, as denoted at 8(a) and 8 

20 (b). This, in turn, initiates a standing wave 8(c) in the material which travels downwardly along the convex surface of 
the back curve mold half. If the upward movement of the back curve mold half does not exceed the downward propa- 
gation rate of the standing wave in the material, then the back curve will be lifted cleanly without tearing the lens. 
[0242] As the back curve is lifted free, it carries with it the HEMA ring 1 3 which may be preferentially retained on the 
back curve by means of corona treatment of the back curve flange 36, or by surfactant treatment of the front curve 

25 flange 18. 

[0243] Thus, the back curve lens molds 30 are effectively removed from their respective front curve lens mold portions 
and retained by individual suction cups 585. 

[0244] Finally, as illustrated in Figure 30(d), the upper and lower sets of pry tools 530(a),530(c) and 530(b),530(d) 
are retracted laterally in opposite directions indicated by the arrows "E" and "F" in Figure 30(d), to allow each pallet 

30 12(a) now containing up to eight front curve lens mold portions and a respective contact lens therein, to be conveyed 
out of the demold assembly by the dual walking beam 180. The suction cups 585 retain the corresponding individual 
back curve mold portions for disposal. Specifically, the suction cup assembly 590 is retracted to Its original position 
and the vacuum may be removed therefrom so as to release the removed back curve lens mold portions. The separated 
back curve mold parts are dropped in a bin at the retracted position, and evacuated by a vacuum line (not shown) for 

35 disposal. 

[0245] After the mold assemblies have been separated in the demold apparatus 90, each pallet containing the front 
curve mold halves with an exposed polymerized contact lens therein, is subsequently transported to a hydration station 
for hydration and demolding from the front curve lens mold, inspection and packaging. As shown in Figure 8(d), a dual 
pusher 202 having retractable arms 202 is provided to translate the motion of pallets 1 2(a) from each transport carrier 

40 of dual walking beam 180 to conveyor 31 (d) for transport to the hydration chamber. Prior to transfer to the hydration 
chamber, the integrity of the mold halves contained in the pallets are checked to determine if any errors have occurred, 
for e.g., if a back curve mold half was not separated from a corresponding front curve mold half. The pallet is first 
clamped between upstream clamping jaws 207(a),(b) where the pallet is appropriately sensed to determine if any error 
is present. If an error indicating that a pallet should be rejected is found, that particular pallet and the contents therein 

45 are transferred from conveyor 31 (d) to recirculating conveyor 31 (e) by pusher assembly 80 as shown in Figure 8(d). 
The clamping jaws 207(a), (b) release the rejected pallet and the pusher arm 80 pushes the pallet to recirculating 
conveyor 31 (e) where the rejected pallet is conveyed back to the front curve supply conveyor 27. As mentioned above, 
the contact lens production line facility includes a suction vent apparatus (not shown) for removing the mold assemblies 
from the rejected pallet 12(a) while being recirculated back to or while on the front curve supply conveyor 27. 

so [0246] If the pallets containing the demolded contact lens assemblies are not rejected, they are alternately clamped 
by clamping jaws 207(a),(b) and are conveyed as pairs by conveyor 31 (d) to transfer pusher assembly 206 for trans- 
ference to the hydration assembly 89. Prior to entering the transfer pusher 206, the upstream clamping jaws 209(a), 
(b) temporarily clamp a pallet to enable a pair of pallets to accumulate therebehind. As controlled by the control means, 
the clamped pallet are released to enable two pallets 12(a),12(a') to be forwardly conveyed for alignment with recipr- 

55 ocable pusher arm 210 of transfer pusher 206. Drive means 211 then enables pusher arm 210 to push the two pallets 
to a transfer apparatus 215, and specifically, a pallet 21 6 having a flat plate portion 21 9, that accommodates up to four 
pallets for transfer of the mold assemblies therein to the hydration chamber 89. After the first set of pallets is placed 
on plate 21 9, the pusher arm 21 0 is reciprocated to its original position to receive a second set of two pallets. The push 
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arm 210 is then enabled to input the second set of two pallets onto the plate 219 of transfer pusher 216 causing the 
first set of pallets to advance on the plate. Figure 8(d) shows the flat plate portion 21 9 of transfer pallet 21 6 containing 
four pallets that have been pushed thereto by pusher arm 210 two pallets at a time. 

[0247] As shown in Figure 8(d), the transfer pallet 21 6 is mounted for reciprocating horizontal movement on tracks 

5 21 8(a), (b). In steady state operation, suitable drive means (not shown) enables transfer pallet 216 and plate 219 car- 
rying four pallets to move across tracks 21 8(a), (b) in the direction indicated by arrow "K" in Figure 19(a) toward the 
hydration chamber assembly 89 until it reaches the hydration assembly transfer point 21 9(b) where effective transfer 
of the front curve mold assemblies containing polymerized contact lenses to the hydration chamber takes place. After 
the transfer pallet 216 reaches the transfer point 21 9(a) a vacuum gripping matrix (not shown) of hydration assembly 

10 89 is actuated to remove up to thirty-two front curve lens mold portions at a time from the four pallets on the transfer 
pallet 216 and transfer them to an appropriate receiving device which transfers the matrix to a de-ionized water bath. 
The transfer pallet 216 and plate 219 carrying empty pallets 12(a) now reciprocates along tracks 21 8(a), (b) in the 
direction indicated by arrow "M" in Figure 8(d) back to its original position. The empty pallets are removed from plate 
21 9 on to the return conveyor 31 (f) when the incoming set of new pallets containing front curves are pushed onto the 

is plate by pusher arm 21 0 . Specifically, pusher arm 21 0 pushes a first set of new pallets 1 2(a) on the plate 21 9 to cause 
the first set of two empty pallets to exit the plate 219 and engage the conveyor 31 (f) for recirculation back to the front 
curve conveyor 27 pick-up point. Likewise, pusher arm 21 0 pushes a second set of new pallets 1 2(a) on the plate 21 9 
which causes the first set of previously positioned new pallets to advance on the plate 219 and enable the second set 
of two empty pallets to exit the plate 21 9 and engage the conveyor 31 (f) for recirculation to the front curve supply pick- 

20 up point. 

[0248] As illustrated in Figure 8(d) the return conveyor 31(f) connects with the front curve supply conveyor 27 to 
return the empty pallets two at a time to the front curve pick-up point. Suitable pushing means 222 having reciprocating 
push arm 224 pushes the pallets onto the supply conveyor 27 where they are conveyed to the front curve injection 
mold assembly 20 to receive a new set of eight front curve lens mold halves in the manner described above. 

25 
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Claims 



1. An apparatus for the automated molding of contact lenses from a polymerizable hydrogel, said apparatus com- 
prising; 

50 

(a) a transport means (27, 29) for transporting a plurality of contact lens molds to and from a plurality of stations, 
each of said contact lens molds having first and second mold parts (10, 30); 

(b) a first automated station (53) for receiving a plurality of first mold parts (10) and depositing therein a pre- 
determined amount of a polymerizable hydrogel; 

55 (c) a second automated station (55) for receiving said plurality of first mold parts (10) and assembling each 

first mold part (10) with a second mold part (30) to define a contact lens mold cavity (101) and to remove any 
excess hydrogel from said cavity (101); 

(d) a first means for clamping said first mold half (1 0) against said second mold half (30) for a predetermined 
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pressure and time; 

(e) a radiant energy source (314) for polymerizing said polymerizable hydrogel in said cavity (101) after said 
first and second halves (10, 30) are clamped together; and 

(f) an automated demolding station (90) for removing said second mold part (30) and any excess hydrogel 
5 from said first mold part (1 0) and said molded contact lens. 

2. An apparatus according to claim 1 , wherein 

the first means comprises a precure station (60), said precure station (60) including the radiant energy source 
(314), the radiant energy source being for initiating polymerization throughout the lens; 
10 the apparatus further comprising means for polymerizing and curing said polymerizable hydrogel in said 

cavity (101) after said lens has been precured. 

3. An apparatus according to claim 1 or claim 2, said apparatus further comprising: 

15 a molding station (1 01 a, 1 01 b) for injection molding fully degassed first and second mold parts (1 0, 30) forthe 

production of soft contact lens blanks. 

4. An apparatus according to any one of claims 1 to 3, wherein the radiant energy is provided at a curing station for 
polymerizing said polymerizable hydrogel in said cavity (101). 

20 

5. An apparatus as claimed in Claim 1 or 2 or 3 or 4 which further includes a means (422) for degassing the hydrogel 
prior to deposit in said first mold part (1 0). 

6. An apparatus as claimed in Claim 1 or 2 or 3 or 4 which further includes enclosure means (24) for surrounding 
25 said transport means (27, 29) and said mold parts (10, 30) with an inert atmosphere. 

7. An apparatus as claimed in Claim 6 which further includes first molding means (1 01 a, 1 01 b) for injection molding 
of said first and second mold parts (1 0, 30) at a temperature of at least 450 degrees F over a cycle of 3 to 1 2 seconds. 

30 8. An apparatus as claimed in Claim 6 which further include robotic means (1 03, 1 04) for transfer of said mold parts 
(10, 30) from said first molding means (101a, 101b) to said transport means (27, 29) and said inert atmosphere 
within 15 seconds or less. 

9. An apparatus as claimed in Claim 1 or 2 or 3 or 4 wherein said second automated station (55) further includes a 
35 clamping means (340) for clamping said mold parts (1 0, 30) together while under vacuum to displace any excess 

hydrogel and to firmly seat and align the mold parts (10, 30). 

10. An apparatus as claimed in Claim 1 or 2 or 3 or 4 wherein each mold part (1 0, 30) includes a flange member (18, 
36), and said apparatus further includes a station (54) for coating the flange of said first mold part with a surfactant 

^0 prior to assembly of said mold parts (1 0, 30). 

11. An apparatus as claimed in Claim 1 or 2 or 3 or 4 wherein said first mold parts (10) are transported to said first 
and to said second automated stations (53, 55) on a pallet (12) by said transport means (27, 29). 

45 12. An apparatus as claimed in Claim 11 where said pallet (12) includes registration means (28a,b) to cooperate with 
said second station (55) to register said pallet (1 2) prior to assembly of said mold parts (10, 30). 

13. An apparatus as claimed in Claim 12 wherein said pallet (12) includes a perimeter seal area (140) to cooperate 
with a perimeter seal formed at said second automated station (55), to enable assembly under vacuum. 

50 

14. An apparatus as claimed in Claim 11 wherein said transport means (27, 29) further includes separate pallets (12) 
for said second mold parts (30), wherein said pallets (12) having first mold parts (10) are interleaved with pallets 
(12) having second moid parts (30). 

55 15. An apparatus as claimed in Claim 14 wherein said second automated station (55) cycles between pallets (12), 
picking up second mold parts (30) from a pallet (12) in a first cycle, and depositing said second mold parts (30) 
on said first mold parts (10) in a second pallet (12) during a second cycle to assemble said mold. 
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16. An apparatus as claimed in Claim 1, 2, 3 or 4, wherein said assembly station (55) further comprises 

(i) a housing member for surrounding aligned first and second mold parts (10, 30) to thereby enable a vacuum 
to be drawn around said parts (1 0, 30); and 
5 (jj) third means for reciprocating said second mold parts (30) along a reciprocating axis to clamp said second 

mold part (30) against said first mold part (10) with a predetermined pressure while said vacuum remains 
drawn. 

1 7. An apparatus as claimed in Claim 1 6 wherein said housing member and said third means reciprocate along parallel 
10 axes. 

18. An apparatus as claimed in Claim 1 7, wherein said third means includes a separate reciprocating member for each 
second mold part (30) carried in said pallet (12). 

15 19. An apparatus as claimed in Claim 18 wherein each reciprocating member includes a seating means for engaging 
said second mold part (30) and a vacuum port for drawing a vacuum between said reciprocating member and said 
second part to thereby enable said reciprocating member to lift said second mold part (30) from its associated 
pallet (12). 

20 20. An apparatus as claimed in Claim 19 wherein each of said reciprocating members are separately biased from a 
common air plenum with respect to said third means to allow independent reciprocation and clamping by each 
reciprocating means at a common predetermined pressure. 

21. An apparatus as claimed in Claim 20 wherein said housing member may reciprocate with respect to said third 
25 means, and is resiliently biased to a first position with respect to said third means. 

22. An apparatus as claimed in Claim 21 wherein said resilient bias between said housing and said third means es- 
tablishes a predetermined crush bias between said housing and said pallet (12) to maintain said vacuum within 
said housing during assembly of said mold parts (10, 30). 

30 

23. An apparatus as claimed in Claim 1 wherein said first means includes a radiant energy source (314) for precuring 
said polymerizable hydrogel while said first and second halves (10, 30) are clamped together. 

24. An apparatus as claimed in Claim 1 or 3, wherein said first means is mounted within and defines a portion of said 
35 assembly station, and said apparatus further includes a precure station (60), said precure station (60) including a 

second means for clamping said first and said second mold halves (1 0, 30) together and a radiant energy source 
(314) for precuring said polymerizable hydrogel while said first and second halves (10, 30) are clamped together. 

25. An apparatus claimed in Claim 24 wherein said apparatus further includes a control means for varying the quantity 
40 of energy received by said hydrogel during said precure step. 

26. An apparatus as claimed in Claim 25 wherein said second means for clamping includes a reciprocating clamping 
member positioned between said molds and said radiant energy source (314). 

45 27. An apparatus as claimed in Claim 24, wherein said transport means (27, 29), moves said molds into resilient 
engagement with said resilient clamping member (340) as said molds are moved into an exposure position. 

28. An apparatus as claimed in Claim 24, wherein said resilient clamping members (340) are mounted on said radiant 
energy light source (314) and said radiant energy light source (314) moves said clamping members (340) into 

50 resilient engagement with mold halves when said molds are moved into an exposure position. 

29. An apparatus as claimed in Claim 26 wherein each of said clamping members (340) include an annular cylinder 
having an in annular diameter greater than the diameter of the contact lens to be polymerized. 

55 30. An apparatus as claimed in Claim 29 wherein said annular cylinder is resiliently biased into engagement with said 
mold. 

31. An apparatus as claimed in Claim 30 wherein said clamping pressure is 0.5 to 2.0 Kgf. 
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32. An apparatus as claimed in Claim 28 wherein said actinic radiation is emitted by an ultraviolet lamps at 320 to 390 
nm. 

33. An apparatus as claimed in Claim 27 wherein said transport means includes a plurality of lifting standards for 
5 raising said pallets (12) into engagement with said second means. 

34. An apparatus as claimed in Claim 1 , 2, 3 or 4, wherein said contact lens molds includes a first mold half (10) and 
a second mold half (30), each half comprising an integral article of thermoplastic polymer transparent to ultraviolet 
light, said article having a central curved section defining a concave surface, a convex surface and a circular 

10 circumferential edge, at least the central portion of at least one of said concave surface and said convex surface 

having the dimensions of the front or back curve, respectively, of a contact lens to be produced in said mold 
assembly and being sufficiently smooth that the surface of a contact lens formed by polymerization of said polym- 
erizable composition in contact with said surface is optically acceptable, said article also having an annular flange 
(18) integral with and surrounding said circular circumferential edge and extending therefrom in a. plane normal 

15 to the axis of said concave surface. 

35. An apparatus as claimed in Claim 34 in which each of said mold halves also has a generally triangular tab (26) 
situated in a plane normal to said axis and extending from said flange (18), said article having a thickness sufficient 
to transmit heat therethrough rapidly and rigidity effective to withstand prying forces applied to separate said mold 

20 half from said mold assembly, said thickness ranging from 0.6 mm to 1 .5 mm. 

36. An apparatus as claimed in Claim 34, wherein the surface of each mold half (10, 30) is essentially free of oxygen. 

37. An apparatus as claimed in Claim 34, wherein said thermoplastic polymer is polystyrene. 

25 

38. An apparatus as claimed in Claim 34, wherein each mold half (10, 30) is of essentially uniform thickness. 

39. An apparatus as claimed in Claim 34, wherein the central portion of said convex surface has the dimensions of 
the back curve of a contact lens that can be produced by polymerization of a polymerizable composition in contact 

30 with said convex surface (16), and wherein said convex surface (16) is sufficiently smooth such that the surface 

of said back curve is of optical quality and can be worn comfortably in the eye. 

40. An apparatus as claimed in Claim 1 , 2, 3 or 4, wherein said apparatus further includes a third automated station 
(54) located between said first and said second station (53, 55) for applying a surfactant to at least one surface of 

35 said first mold part (10), wherein said surfactant assist in the release between said first and second mold parts 

(1 0, 30) and enables removal of any excess polymer molding material adherent to said at least one surface of said 
first mold part (10). 

41. An apparatus as claimed in Claim 40, wherein said third automated station (54) includes: 

40 

(a) stamping means including at least one stamp (238) being arranged in spaced relationship above said 
transport means (27, 29), said at least one stamp (238) being positionable in vertical alignment with said at 
least one first mold part (1 0); 

(b) means for coating said stamp (238) with a surfactant; and 

45 ( C ) actuating means for said stamping means to displace said stamping means downwardly to an extent such 

that the surfactant- wetted surface portions of said at least one stamp (238) contacts said at least one surface 
of said first mold part (1 0) so as to impart a coating of said surfactant thereto. 

42. An apparatus as claimed in Claim 41 wherein said third station (54) further includes a pad member (240) containing 
so a surfactant which is interposable between said stamping means and said at least one first mold part (10) and 

means for displacing said pad member (240), from the interposition thereof in said apparatus between said stamp- 
ing means and said at least one first mold part (10). 

43. An apparatus as claimed in Claim 42, wherein said third station (54) includes operative means for alternatingly 
55 positioning said pad member (240) beneath said stamping means and withdrawing said pad member (240) from 

said location in said apparatus to enable said at least one stamp (238) to advance downwardly into contact with 
said at least one surface of said at least one first mold part (10). 
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44. An apparatus as claimed in Claim 42, wherein said pad member (240) comprises a porous polyethylene member 
having an average 10 micron pore size, said member (240) being impregnated with a solution containing said 
surfactant. 

5 45. An apparatus as claimed in Claim 44, wherein an upper surface of said porous polyethylene member facing said 
at least one stamp of said stamping means is covered by a filter (244) having a mesh size with opening of about 
1 .2 microns. 

46. An apparatus as claimed in Claim 45, wherein said filter (244) controls the amount of surfactant wicked through 
10 said member (240) and expelled upwardly through said filter (244) in response to pressure exerted thereon upon 

being contacted by said at least one stamp (232) so as to deposit a predetermined quantity of said surfactant on 
contacting surface portions of said at least one stamp (238). 

47. An apparatus as claimed in Claim 46, wherein at least the surface portions of said at least one stamp (238) con- 
15 tacting said pad member (240) for assuming surfactant therefrom is constituted from a compound comprising about 

90% urethane and 10% silicone. 

48. An apparatus as claimed in Claim 41 , wherein a plurality of said first mold parts (10) are mounted on a pallet (1 2) 
carried by said transport means (27, 29), each said first mold part (1 0) comprising a front curve (1 8) for molding 

20 a hydrophilic polymer contact lens and an encompassing flange portion (18), each said mold means being oper- 

ative^ aligned with respectively one said stamp (238) whereby contact between said front curve and an associated 
stamp (238) transfers a thin film of said surfactant to a facing surface on said flange portion (18) about said front 
curve from said stamp (238) thereby facilitating detaching of a second mold part (30) comprising a base curve for 
said lens and a ring of excess molding material adhesively deposited on the surfaces of said flange portion. 

25 

49. An apparatus as claimed in Claim 1, 2, 3, or 4, wherein said transport means (27, 29) includes: 

(a) one or more pallets (1 2) for carrying one or more contact lens molds throughout the apparatus, said pallets 
(1 2) having one or more first recesses (1 30) formed in a surface thereof for receiving either one or more first 

30 mold halves (10) or one or more second mold halves (30) prior to assembling said contact lens mold; and 

(b) conveyor means for transporting said pallets (12) from station to station throughout said production line 
facility. 

50. An apparatus as claimed in Claim 49, wherein said transport means further includes registration means formed in 
35 said pallet surface for enabling precise positioning of said pallet (12) at one or more automated stations in appa- 
ratus. 

51 . An apparatus as claimed in Claim 49, wherein each of said first mold halves (1 0) and second mold halves (30) of 
said contact lens mold assembly includes an annular uniplanar flange portion (18, 36). 

40 

52. An apparatus as claimed in Claim 51 wherein each of said first recesses (1 30) further includes a recessed flange 
area (130a) for accommodating said annular flange (18, 36) portions of either said first mold half (10) or said 
second mold half (30). 

45 53. An apparatus as claimed in Claim 49, wherein each of said first mold halves (10) and second mold halves (30) of 
said contact lens mold assembly includes an uniplanartab portion (26) extending from said annular flange (1 8, 36). 

54. An apparatus as claimed in Claim 53, wherein each of said first recesses (130b) further includes a recessed tab 
area (1 30c) for accommodating said tab portion (26) of either said first mold half (1 0) and complementary second 

50 mold half (30) to normally seat said mold halves (10, 30) in a predetermined orientation within a respective first 

recess (130b). 

55. An apparatus as claimed in Claim 49, wherein said conveyor means includes a rail means for guiding said pallet 
(12) throughout predetermined portions of said production line, said pallets (12) including indentations for engage- 

55 ment with said rail means while being transported. 

56. An apparatus as claimed in Claim 55 wherein said conveyor means includes a walking beam for driving said pallet 
(12) along said rail means. 
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57. An apparatus as claimed in Claim 49, wherein said conveyor means includes a single belt means for serially 
transporting pallets (12) for predetermined distances along said production line. 

58. An apparatus as claimed in Claim 55, wherein said conveyor means includes a ram means for pushing said pallet 
5 (12) for predetermined distances along said rail means. 

59. An apparatus as claimed in Claim 49, wherein said conveyor means comprises first and second belt means for 
simultaneously transporting a respective first series and second series of pallets (12), said first belt means con- 
veying said first series of pallets (12) carrying said first mold halves (10) and said second belt means conveying 

10 said second series of pallets (12) carrying complementary second mold halves (30) for conveyance thereof. 

60. An apparatus as claimed in Claim 59, wherein said transport means further includes sequencing means for posi- 
tioning a pallet (12) carrying said first mold halves (10) from said first belt means adjacent a pallet (12) carrying 
said second mold halves (30) from said second belt means and enabling said adjacently positioned pallets (12) 

15 to be conveyed on a third belt means through said apparatus. 

61. An apparatus as claimed in Claim 59, which further includes accumulating means for enabling a series of pallets 
(12) to accumulate on said conveyor means for batch processing at predetermined portions of said production line 
facility. 

20 

62. An apparatus as claimed in Claim 61 , wherein said accumulating means for enabling batch processing throughout 
predetermined portions of said production line facility includes a clamping means at a downstream location for 
stopping motion of one or more pallets located upstream of said clamping means to enable accumulation of pallets 
(12) therebehind. 

25 

63. An apparatus as claimed in Claim 62, which further includes ram means for enabling sequential transport of said 
pallets (12) on said conveyor means after batch processing thereof. 

64. An apparatus as claimed in Claim 60, wherein said second mold halves (30) are removed from said second series 
30 of pallets (12) for assembly of said contact lens molds at said automated assembly station (55). 

65. An apparatus as claimed in Claim 64, wherein said transport apparatus further includes means for returning said 
empty pallet (1 2) along a forth belt means from said contact lens mold assembly station to said second belt means 
to receive said second mold halves (30). 

35 

66. An apparatus as claimed in Claim 49, wherein said pallet surface includes eight first recesses (130b). 

67. An apparatus as claimed in Claim 1 , 2, 3 or 4, wherein said automated station (90) for demolding is adapted for 
mold assemblies having flanges (18, 36) formed on each of said mold halves (10, 30), and said station further 

40 includes: 

(a) first means for applying heat to said second mold half (30) to form a temperature gradient between said 
second mold half (30) and the contact lens; and, 

(b) pry means (448) for demolding said lens, said pry means inserted between said flanges (18, 36) of said 
45 first and said second moid halves (1 0, 30) of said contact lens mold assembly, said pry means (448) including 

a first and second set of pry fingers (456, 458) for biasing said second mold half (30) upwardly at a predeter- 
mined force with respect to said first mold half (1 0) to remove said back mold half (30) therefrom. 

68. An apparatus as claimed in Claim 67 wherein said pry means (448) lifts said back mold half (30) from said front 
so mold half (1 0) at a predetermined time after application of said heat. 

69. An apparatus as claimed in claim 67 wherein said demolding station (90) further includes a gripping means which 
simultaneously grips said second mold half (30) when said second mold half (30) is removed from its associated 
first moid half (10). 

55 

70. An apparatus as claimed in Claim 67 wherein said pry means (448) includes means for displacing said first set of 
pry fingers (456, 458) in a substantially vertical direction while said second set of pry fingers (456, 458) anchors 
said first mold halves (10), thereby separating said halves (10, 30). 
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71. An apparatus as claimed in Claim 70 wherein said first and second set of pry fingers (456, 458) are extensible 
from a first retracted position to a second extended position between said flanges (18, 36) of said first and said 
second mold halves (10, 30) of said contact lens mold assembly. 

5 72. An apparatus as claimed in Claim 71 wherein said pry means (448) are inserted between said flanges (18, 36) of 
said mold halves (1 0, 30) of said contact lens mold assembly while said heat is applied to each second mold half 
(30). 

73. An apparatus as claimed in Claim 72, wherein said first means for applying heat comprises means (528) for applying 
10 a predetermined amount of steam. 

74. An apparatus as claimed in Claim 73, wherein said first means (528) for applying steam includes a means for 
discharging steam through a nozzle (527) associated with a contact lens mold assembly. 

15 75. An apparatus as claimed in Claim 74, wherein said first means further including means for advancing said steam 
discharging means (528) from a first position to a second position in contact with said second mold half (30) prior 
to discharging steam to said second mold half surface, and retracting said steam applying means (527) away from 
said second mold half (30) towards said first position after discharging steam. 

20 76. An apparatus as claimed in Claim 1 or 2 or 3 or 4 wherein said automated demolding station (90) further includes 
a gripping means (585) associated with a said contact lens mold assembly for gripping said second mold half (30) 
when said second mold halt (30) is separated from its respective first mold half (10). 

77. An apparatus as claimed in Claim 1 or 2 or 3 or 4, wherein said automated demolding station (90) includes a steam 
25 nozzle assembly for heating the second half (30) of a contact lens mold assembly, said nozzle assembly including: 

(a) a plurality of steam nozzles (527) for engaging a plurality of contact lens mold assemblies, each of said 
nozzles (527) including: 

30 (j) means for sealing said nozzle to said mold assembly to create a heating chamber between said nozzle 

(527) and said contact lens mold assembly; 

(ii) a steam orifice for discharging steam into said heating chamber; and 

(iii) at least one port defined in each of said nozzles (527) for exhausting steam from said heating chamber. 

35 (b) means for moving said steam nozzles (527) into engagement with said contact lens mold assemblies; 

(c) a first plenum for distributing steam to each of said nozzle assemblies; and 

(d) a second plenum for drawing a vacuum through said vent ports to exhaust steam from said heating chamber 
whereby a temperature gradient may be created between said back curve mold half (30) and the contact lens 
in said mold assembly. 

40 

78. An apparatus as claimed in Claim 1, 2, 3 or 4, wherein said automated demolding station (90) further includes a 
source of intense electromagnetic radiation for heating one of said mold halves (30) prior to demolding, said radi- 
ation being absorbed by said one mold half (30) to create a temperature differential between said mold half (30) 
and the contact lens to be demolded. 

45 

79. An apparatus as claimed in Claim 78, wherein said demolding station (90) also includes means for directing said 
electromagnetic radiation from the source to impinge the outer surface of said mold half (30) to be heated. 

80. An apparatus as claimed in Claim 79, wherein the source of electromagnetic radiation is a laser. 

50 

81. An apparatus as claimed in Claim 80, wherein the radiation has a wavelength of between about 1^m and about 
20jim. 

82. An apparatus as claimed in Claim 1 , 2, 3 or 4, in which said automated demold station (90) is particularly adapted 
55 to demold contact lens molded between a first and second mold halves (10, 30) wherein said first mold half (10) 

is a concave front curve mold half and the second mold half (30) is a convex back curve mold half, each of said 
halves (1 0, 30) having an outwardly extending flange member (18, 36), which flange members (1 8, 36) are spaced 
from and substantially parallel to each other, said demold station (90) including a demold apparatus comprising: 
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(a) at least one pair of lower pry fingers (456, 458), said pair joined together at a bight to form lower U-shaped 
pry tool; 

(b) at least one pair of upper pry fingers (456, 458), said pair joined together at a bight to form an upper U- 
shaped pry tool; 

5 (c) first means for reciprocating said upper and lower pry tools along an insertion axis from a first conveying 

position to a second insertion position; 

(d) second means for reciprocating said upper and lower pry tools along a first pry axis from a first insertion 
position to a second demolded position; and 

(e) control means for sequentially actuating said first means to insert said pry tools between the flange mem- 
10 bers (18, 36) of said mold, and then actuating said second means to lift said back curve mold half (30) upwardly 

to thereby separate said back curve mold half (30) from said front curve mold half (10). 

83. An apparatus as claimed in Claim 82 wherein a plurality of contact lenses and mold halves (10, 30) are carried by 
said transport means (27, 29) on a pallet (12) and said apparatus includes a plurality of pairs of upper and lower 

15 pry fingers (456, 458). 

84. An apparatus as claimed in Claim 83, wherein said pallet (12) contains two rows of contact lenses and mold halves 
(10, 30), and said apparatus includes first and second sets of upper and lower pry fingers (456, 458), with a first 
set positioned on a first side of said pallet (12) and a second set positioned on a second side of said pallet (12). 

20 

85. An apparatus as claimed in Claim 84, wherein in each pry tool is a thin flat blade member having a plurality of 
outwardly extending pry fingers (456, 458). 

86. An apparatus as claimed in Claim 85, wherein said blade members are sandwiched together for insertion between 
25 said flanges (18, 36). 

87. An apparatus as claimed in Claim 82 wherein said demold apparatus (90) further including a suction cup (585) for 
each at least one pair of upper pry fingers (456, 458). 

so 88. An apparatus as claimed in Claim 87, wherein said apparatus further includes a third means for independent 
reciprocal movement of said suction cup (585) to remove said back cu rve mold half (30) from said upper pry fingers 
after separation of said mold halves. 

89. An apparatus as claimed in Claim 82, wherein said apparatus further includes a means for heating said back curve 
35 mold half before said second means is actuated. 

90. An apparatus as claimed in Claim 89, wherein said means for heating includes a steam nozzle. 

91. An apparatus as claimed in Claim 89, wherein said means for heating includes a laser. 

40 

92. An apparatus according to any preceding claim comprising a precure station (60) for clamping said first mold half 
(1 0) against said second mold half (30) for a predetermined pressure and time for exposing said hydrogel to actinic 
radiation to initiate polymerization. 

*5 93. An apparatus according to Claim 1 , 2, 3 or 4, wherein the demolding station has a heating means for heating the 
second mold part prior to demolding. 

94. An apparatus according to any preceding claim, wherein the mold parts are assembled under vacuum. 

50 95. An apparatus according to claim 1 , 2, 3 or 4, wherein the mold parts are transported in a low oxygen environment. 

96. A method of automatically molding soft contact lenses from a polyermizable monomer or monomer mixture, said 
method comprising; 

55 (a) transporting a plurality of contact lens molds to and from a plurality of automated stations, each of said 

contact lens molds having first and second mold parts (10, 30); 

(b) depositing a predetermined amount of a polymerizable monomer or monomer mixture in said first mold part; 

(c) assembling at a second automated station (55) each first mold part (10) with a second mold part (30); 



40 



EP 0 686 491 B1 



(d) clamping said second mold half (30) against said first mold half (10) for a predetermined pressure and time 
to define a contact lens mold cavity (101) and to remove any excess monomer from said cavity (101); 

(e) polymerizing said monomer or monomer mixture in said cavity (101) after said first and second halves (10, 
30) are clamped together with radiant energy; and 

5 (f) removing at an automated demolding station (90) said second mold part (30) and any excess monomer 

from said first mold part (1 0) and said molded contact lens. 

97. The method of Claim 96, wherein: 

10 the step of polymerizing the monomer or monomer mixture comprises the steps of: 

1 . exposing said clamped monomer or monomer mixture to a radiant energy source (314) to precure the 
lens to a gel-like consistency and to initiate polymerization throughout the lens; and 

2. polymerizing and curing said monomer or monomer mixture in said cavity (101) after said lens has been 
15 precured. 

98. The method of Claim 96 or 97, additionally comprising the step of molding first and second mold parts (1 0, 30) for 
the production of soft contact lens blanks in first and second automated molding stations (101a, 101b). 

20 99. A method as claimed in Claim 96 or 97 or 98 which further includes the step of degassing the monomer or monomer 
mixture prior to filling the first mold part (10). 

100.A method as claimed in Claim 96 or 97 or 98, which further includes the step of transporting said mold parts (10, 
30) in an inert atmosphere to prevent absorption of oxygen thereon. 

25 

101 .A method as claimed in Claim 100, which further includes the step of molding sets of said first and second mold 
parts (10, 30) at a temperature of at least 450 degrees F within a cycle time of 3 to 12 seconds. 

102. A method as claimed in Claim 101, which further includes the step of transferring said molded sets from said 
30 molding step to said transport step within an inert atmosphere within 15 seconds of the completion of said molding 

step. 

103. A method as claimed in Claim 96, 97 or 98, wherein said method further includes the step of clamping said mold 
parts (10, 30) together in said assembly step while under vacuum to firmly seat and align the mold parts. 

35 

104. A method as claimed in Claim 96 or 97 or 98 which further includes the step of forming each mold part with a 
flange member (18, 36), and then coating the flange (18, 36) of said first mold part (10) with a surfactant prior to 
assembly of said mold parts (10, 30). 

40 105.A method as claimed in Claim 96 or 97 or 98, which further includes the step of transporting said first and said 
second mold parts (10, 30) in sets, on separate pallets (12). 

106. A method as claimed in Claim 1 05, wherein said transporting step further includes the step of interleaving pallets 
(12) with a set of first mold parts (10) with pallets (12) having a set of second mold parts (30). 

45 

107. A method as claimed in Claim 106, which further includes the step of picking up a set of second mold parts (30) 
from a pallet (1 2) in a first cycle, and depositing said set of second mold parts (30) on said first mold parts (1 0) in 
a second pallet (12) during a second cycle to assemble said mold. 

50 108.A method according to any of claims 96 to 107, wherein the mold parts are assembled under vacuum. 

109.A method according to claim 96, 97 or 98, wherein the mold parts are transported in a low oxygen environment. 



55 Patentanspriiche 

1. Vorrichtung zur automatisierten Formung von Kontaktlinsen aus einem polymerisierbaren Hydrogel, wobei diese 
Vorrichtung umfaBt: 



41 



EP 0 686 491 B1 



(a) Transporteinrichtungen (27, 29) zum Transportieren einer Vielzahl von Kontaktlinsenformen zu bzw. von 
einer Vielzahl von Stationen, wobei jede dieser Kontaktlinsenformen aus einer ersten und einer zweiten Form- 
halfte (10, 30) besteht; 

5 (b) eine erste automatisierte Station (53) zur Aufnahme einer Vielzahl erster Formhalften (10) und Einfullen 

einer vorgegebenen Menge eines polymerisierbaren Hydrogels; 

(c) eine zweite automatisierte Station (55) zur Aufnahme einer Vielzahl erster Formhalften (10) und Zusam- 
menfugen jeder ersten Formhalfte (1 0) mit einer zweiten Formhalfte (30), urn einen Kontaktlinsen-Formhohl- 

10 raum (101) zu begrenzen und jeglichen UberschuB von Hydrogel aus dem Hohlraum (101) zu entfernen; 

(d) eine erste Einrichtung zum Klemmen der ersten Formhalfte (10) gegen die zweite Formhalfte (30) mit 
einem vorgegebenen Druck fur eine vorgegebene Zeit; 

15 (e) eine Strahlungsenergiequelle (314) zum Polymerisieren des polymerisierbaren Hydrogels im Hohlraum 

(101), nachdem die ersten und die zweiten Formhalften (10, 30) zusammengeklemmt wurden und 

(f) eine automatisierte Entformungsstation (90) zum Entfernen der zweiten Formhalfte (30) und jeglichen Uber- 
schusses an Hydrogel von der ersten Formhalfte (10) und der geformten Kontaktlinse. 

20 

2. Vorrichtung nach Anspruch 1 , bei welcher die erste Einrichtung eine Vorhartungsstation (60) umfaBt, die eine 
Strahlungsenergiequelle (314) aufweist, welche die Polymerisation in der ganzen Linse auslost und 

die Vorrichtung ferner eine Einrichtung zum Polymerisieren und Ausharten des polymerisierbaren Hydrogels im 
Hohlraum (101) umfaBt, nachdem die Linse vorgehartet wurde. 

25 

3. Vorrichtung nach Anspruch 1 oder 2, welche ferner umfaBt: 

eine Form ungsstat ion (101a, 101b) zum SpritzgieBen vollstandig entgaster erster und zweiter Formhalften 
(10, 30) zur Herstellung weicher Kontaktlinsen-Rohlinge. 

30 

4. Vorrichtung nach einem der Anspruche 1 bis 3, bei welcher die Strahlungsenergie an einer Aushartungsstation 
zur Polymerisation des polymerisierbaren Hydrogels in dem Hohlraum (101) bereitgestellt wird. 

5. Vorrichtung nach Anspruch 1,2,3 Oder 4, welche ferner eine Einrichtung (422) zum Entgasen des Hydrogels vor 
35 dem Einfullen in die erste Formhalfte (10) aufweist. 

6. Vorrichtung nach Anspruch 1 , 2, 3 oder4, welche ferner ein dieTransporteinrichtungen (27, 29) und die Formhalften 
(10, 30) umgebendes Gehause mit einer inerten Atmosphare aufweist. 

40 7. Vorrichtung nach Anspruch 6, welche ferner eine erste Formungseinrichtung (101a, 101b) fur das SpritzgieBen 
der ersten und der zweiten Formhalften (10, 30) bei Temperaturen von mindestens 450 °F in einem Zyklus von 3 
bis 12 Sekunden aufweist. 

8. Vorrichtung nach Anspruch 6, welche ferner eine Robotereinrichtung (1 03, 1 04) zur Uberfuhrung der Formhalften 
45 (10, 30) von der ersten Formungseinrichtung (101a, 101b) zu den Transporteinrichtungen (27, 29) in der inerten 

Atmosphare innerhalb von 1 5 Sekunden Oder weniger aufweist. 

9. Vorrichtung nach Anspruch 1,2,3 oder 4, bei welcher die zweite automatisierte Station (55) ferner eine Klemm- 
einrichtung (340) aufweist, urn die Formhalften (10, 30) zusammenzuklemmen, wahrend sie sich unter Vakuum 

so befinden, urn jeglichen UberschuB an Hydrogel zu verdrangen und die Formhalften (10, 30) fest zu plazieren und 

auszurichten. 

10. Vorrichtung nach einem der Anspruche 1 bis 4, bei welcher jede der Formhalften (10, 30) einen Flansch (18, 36) 
aufweist und die Vorrichtung ferner eine Station (54) zum Beschichten des Flansches der ersten Formhalften mit 

55 einer oberflachenaktiven Substanz vor dem Zusammenfugen der Formhalften (10, 30) enthalt. 

1 1 . Vorrichtung nach Anspruch 1,2,3 oder 4, bei welcher die ersten Formhalften (1 0) durch die Transporteinrichtungen 
(27, 29) auf einer Palette (12) zur ersten und zweiten automatisierten Station (53, 55) transportiert werden. 
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12. Vorrichtung nach Anspruch 11, bei welcher die Palette (12) mit der zweiten Station (55) zusammenwirkende Ein- 
passungseinrichtungen (28a, 28b) aufweist, um mit der zweiten Station (55) zusammenzuwirken und die Palette 
(12) vor dem Zusammenfugen der Formhalften (10, 30) einzupassen. 

5 13. Vorrichtung nach Anspruch 12, bei welcher die Palette (12) einen Umfangs-Abdichtungsbereich (140) aufweist, 
der mit einer Umfangs-Abdichtung an der zweiten automatisierten Station (55) zusammenwirkt, um das Zusam- 
menfugen unter Vakuum zu ermoglichen. 

14. Vorrichtung nach Anspruch 11, bei welcher die Transporteinrichtungen (27, 29) ferner separate Paletten (12) fur 
10 die zweiten Formhalften (30) aufweisen, wobei die Paletten (12) mit ersten Formhalften (10) abwechselnd mit 

Paletten (12) mit zweiten Formhalften (30) angeordnet sind. 

15. Vorrichtung nach Anspruch 14, bei welcher die zweite automatisierte Station (55) Zyklen zwischen den Paletten 
(12) durchfuhrt mit dem Aufnehmen zweiter Formhalften (30) von einer Palette (12) in einem ersten Zyklus und 

15 dem Absetzen der zweiten Formhalften (30) auf den ersten Formhalften (1 0), um die Form zusammenzufugen, in 

einem zweiten Zyklus. 

16. Vorrichtung nach Anspruch 1 , 2, 3 oder 4, bei welcher die Zusammenfugungsstation (55) ferner umfaBt: 

20 (j) ein Gehause, das die ausgerichteten ersten und zweiten Formhalften (10, 30) umgibt, um es dadurch mog- 

lich zu machen, da(3 rund um die Formhalften (10, 30) ein Vakuum erzeugt wird und 

(ii) eine dritte Einrichtung zum linearen Bewegen der zweiten Formhalften (30) entlang einer Linearachse, um 
die zweiten Formhalften (30) mit einem vorgegebenen Druck gegen die ersten Formhalften (10) zu pressen, 
25 wahrend das Vakuum aufrechterhalten bleibt. 

17. Vorrichtung nach Anspruch 16, bei welcher sich das Gehause und die dritte Einrichtung linear entlang paralleler 
Achsen bewegen. 

30 18. Vorrichtung nach Anspruch 17, bei welcher die dritte Einrichtung fur jede in der Palette (12) gehaltene zweite 
Formhalfte (30) ein separates Linearbewegungselement aufweist. 

19. Vorrichtung nach Anspruch 18, bei welcher das Linearbewegungselement eine Aufsetzeinrichtung zur Anlage an 
die zweite Formhalfte (30) sowie einen VakuumanschluB zum Erzeugen eines Vakuums zwischen dem Linearbe- 

35 wegungselement und der zweiten Formhalfte aufweist, so daft das Linearbewegungselement die zweite Form- 

halfte (30) von ihrer zugehorigen Palette (12) abheben kann. 

20. Vorrichtung nach Anspruch 19, bei welcher jedes der Linearbewegungselemente durch eine gemeinsame Luft- 
kammer in bezug auf die dritte Einrichtung separat vorgespannt ist, um eine unabhangige Linear- und Klemmbe- 

40 wegung jedes der Linearbewegungselemente bei einem gemeinsamen vorgegebenen Druck zu ermoglichen. 

21 . Vorrichtung nach Anspruch 20, bei welcher das Gehause in bezug auf die dritte Einrichtung linear bewegt werden 
kann und in einer ersten Position in bezug auf die dritte Einrichtung elastisch vorgespannt ist. 

45 22. Vorrichtung nach Anspruch 21 , bei welcher die elastische Vorspannung zwischen dem Gehause und der dritten 
Einrichtung eine vorgegebene Auflagevorspannung zwischen dem Gehause und der Palette (12) aufbaut, um das 
Vakuum im Gehause wahrend des Zusammenfugens der Formhalften (10, 30) aufrecht zu erhalten. 

23. Vorrichtung nach Anspruch 1, bei welcher die erste Einrichtung eine Strahlungsenergiequelle (314) aufweist, um 
50 das polymerisierbare Hydrogel vorzuharten, wahrend die ersten und die zweiten Formhalften (1 0, 30) zusammen- 

geklemmtsind. 

24. Vorrichtung nach Anspruch 1 oder 3, bei welcher die erste Einrichtung in der Zusammenfugungsstation befestigt 
ist und einen Teil derselben bildet und die Vorrichtung ferner eine Vorhartungsstation (60) aufweist, welche eine 

55 zweite Einrichtung, um die ersten und die zweiten Formhalften (10, 30) zusammenzuklemmen, sowie eine Strah- 

lungsenergiequelle (314) enthalt, um das polymerisierbare Hydrogel vorzuharten, wahrend die ersten und die 
zweiten Formhalften (10, 30) zusammengeklemmt sind. 
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25. Vorrichtung nach Anspruch24, welchefernereineSteuerungseinrichtungzurVariierung der Energiedosis aufweist, 
welche vom Hydrogel wahrend des Vorhartungsschrittes aufgenommen wird. 

26. Vorrichtung nach Anspruch 25, bei welcher die zweite Klemmeinrichtung ein linear bewegliches Klemmelement 
5 autweist, welches zwischen den Formen und der Strahlungsenergiequelle (34) positioniert ist. 

27. Vorrichtung nach Anspruch 24, bei welcher die Transporteinrichtung (27, 29) die Formen zurfedernden Anlage 
des federnden Klemmelementes (346) bewegt, wenn die Formen in eine Bestrahlungsposition bewegt werden. 

10 28. Vorrichtung nach Anspruch 27, bei welcher die federnden Klemmeinrichtungen (340) an der Strahlungsenergie- 
lichtquelle (314) befestigt sind und diese die Klemmelemente (340) zurfedernden Anlage an den Formhalften (10, 
30) bewegt, wenn diese in eine. Bestrahlungsposition bewegt werden. 

29; Vorrichtung nach Anspruch 26, bei welcher jede der Klemmeinrichtungen (340) einen Zylinderring aufweist, dessen 
15 Ringdurchmesser groBer ist als der Durchmesser der zu polymerisierenden Kontaktlinse. 

30. Vorrichtung nach Anspruch 29, bei welcher der Zylinderring bei der Anlage an die Form federnd vorgespannt ist. 

31. Vorrichtung nach Anspruch 30, bei welcher die Klemmkraft 0,5 kp bis 2,0 kp betragt. 

20 

32. Vorrichtung nach Anspruch 28, bei welcher die aktinische Strahlung von Ultraviolettlampen im Wellenlangenbe- 
reich von 320 nm bis 390 nm emittiert wird. 

33. Vorrichtung nach Anspruch 27, bei welcher die Transporteinrichtung eine Vielzahl von Hubstandern aufweist, urn 
25 die Paletten (12) zur Anlage an der zweiten Einrichtung anzuheben. 

34. Vorrichtung nach Anspruch 1, 2, 3 oder 4, bei welcher die Kontaktlinsenformen eine erste Formhalfte (10) und 
eine zweite Formhalfte (30) umfassen, wobei jede der Formhalften ein einstuckiges Erzeugnis aus einem fur Ul- 
traviolettstrahlung durchlassigen thermoplastischen Polymer ist, dieses Erzeugnis einen zentralen gekrummten 

30 Bereich, der von einer konkaven und einer konvexen Oberflache begrenzt wird, sowie eine runde Umfangskante 

aufweist, zumindest der mittlere Bereich der konkaven oder der konvexen Oberflache die Abmessungen der Vor- 
derkrummung bzw. der Hinterkrummung einer in dieser Formbaugruppe herzustellenden Kontaktlinse hat und 
ausreichend glatt ist, so daB die Oberflache einer durch Polymerisation der polymerisierbaren Zusammensetzung 
im Kontakt mit dieser Oberflache geformten Kontaktlinse eine akzeptable Optikqualitat hat und wobei das Erzeug- 

35 nis schlieBlich einen Ringflansch (1 8) hat, der aus einem Stuck mit der Ringkante besteht, diese umgibt und sich 

von dort in einer Ebene erstreckt, die senkrecht zur Achse der konkaven Oberflache verlauft. 

35. Vorrichtung nach Anspruch 27, bei welcher jede der Formhalften (10, 30) auch eine allgemein dreieckige Zunge 
(26) aufweist, die in einer Ebene senkrecht zur Achse liegt und sich vom Flansch (18) aus erstreckt, wobei das 

40 Erzeugnis eine Dicke hat, welche ausreicht, urn schnell Warme hindurch zu ubertragen, und starr genug ist, urn 

Trennkraften zu widerstehen, die angewandt werden, urn die Formhalften der Formbaugruppe zu trennen, wobei 
diese Dicke im Bereich von 0,6 mm bis 1 ,5 mm liegt. 

36. Vorrichtung nach Anspruch 34, bei welcher die Oberflache einer jeden Formhalfte (10, 30) im wesentlichen frei 
45 von Sauerstoff ist. 

37. Vorrichtung nach Anspruch 34, bei welcher das thermoplastische Polymer Polystyrol ist. 

38. Vorrichtung nach Anspruch 34, bei welcher jede der Formhalften (10, 30) eine im wesentlichen gleichmaBige Dicke 
so hat. 

39. Vorrichtung nach Anspruch 34, bei welcher der zentrale Bereich der konvexen Oberflache die Abmessungen der 
Hinterkrummung einer Kontaktlinse hat, welche durch Polymerisation einer polymerisierbaren Zusammensetzung 
im Kontakt mit dieser konvexen Oberflache (16) hergestellt werden kann und bei welcher diese konvexe Oberflache 

55 (16) ausreichend glatt ist, so daB die Oberflache der Hinterkrummung Optikqualitat hat und komfortabel auf dem 

Auge getragen werden kann. 

40. Vorrichtung nach Anspruch 1,2,3 oder 4, welche ferner eine dritte automatisierte Station (54) aufweist, die zwi- 
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schen der ersten und der zweiten Station (53, 55) angeordnet ist, urn eine oberflachenaktive Substanz auf min- 
destens eine Oberflache der ersten Formhalfte (10) aufzubringen, wobei die oberflachenaktive Substanz das L6- 
sen der ersten von der zweiten Formhalfte (10, 30) unterstutzt und die Entfernung jeglichen Oberschusses von 
Polymer-Formungsmaterial ermoglicht, das an mindestens einer Oberflache der ersten Formhalfte (10) haftet. 

5 

41. Vorrichtung nach Anspruch 40, bei welcher die dritte automatisierte Station (54) aufweist: 

(a) eine Stempeleinrichtung mit mindestens einem Stempel (238), die in einem Abstand von der obigen Trans- 
porteinrichtung (27, 29) angeordnet ist, wobei der mindestens eine Stempel (238) in vertikaler Ausrichtung zu 

10 der mindestens einen ersten Formhalfte (10) positionierbar ist; 

(b) eine Einrichtung zum Beschichten des Stempels (238) mit einer oberflachenaktiven Substanz und 

(c) eine Betatigungseinrichtung fur die Stempeleinrichtung, urn diese in einem AusmaG nach unten zu bewe- 
15 gen, da!3 die mit einer oberflachenaktiven Substanz benetzten Oberflachenbereiche des mindestens einen 

Stempels (238) mindestens eine Oberflache der ersten Formhalfte (10) beruhren und eine Beschichtung mit 
der oberflachenaktiven Substanz auf diese ubertragen. 

42. Vorrichtung nach Anspruch 41 , bei welcher die dritte Station (54) ferner ein Kissen (240) aufweist, das eine ober- 
20 flachenaktive Substanz enthalt und zwischen die Stempeleinrichtung und die mindestens eine erste Formhalfte 

(10) einfuhrbar ist sowie eine Einrichtung zum Verschieben dieses Kissens (240) aus seiner Zwischenstellung in 
der Vorrichtung zwischen der Stempeleinrichtung und der mindestens einen ersten Formhalfte (10). 

43. Vorrichtung nach Anspruch 42, bei welcher die dritte Station (34) eine Funktionseinrichtung zum abwechselnden 
25 Positionieren des Kissens (240) unter der Stempeleinrichtung und Zuruckziehen des Kissens (240) von dieser 

Stelle in der Vorrichtung aufweist, urn es zu ermoglichen, daB der mindestens eine Stempel (238) nach unten zum 
Kontakt mit der mindestens einen Oberflache der mindestens einen ersten Formhalfte (10) vorgeschoben wird. 

44. Vorrichtung nach Anspruch 42, bei welcher das Kissen (240) aus einem porosen Polyethylen-Element mit einer 
30 durchschnittlichen PorengroBe von 1 0 Mikrometer besteht, und dieses Element (240) mit einer Losung impragniert 

ist, die eine oberflachenaktive Substanz enthalt. 

45. Vorrichtung nach Anspruch 44, bei welcher die Oberseite des porosen Polyethylen-Elementes, welche mindestens 
einem Stempel der Stempeleinrichtung zugewandt ist, mit einem Filter (244) uberzogen ist, der eine MaschengroBe 

35 mit Offnungen von etwa 1 ,2 Mikrometer hat. 

46. Vorrichtung nach Anspruch 45, bei welcher der Filter (244) die Menge der oberflachenaktiven Substanz steuert, 
die als Funktion des darauf nach der Beruhrung durch den mindestens einen Stempel (232) ausgeubten Druckes 
durch den Filter (244) nach oben herausgedruckt wird und diesen benetzt, urn auf diese Weise eine vorgegebene 

40 Menge der oberflachenaktiven Substanz auf den Beruhrungsbereichen des mindestens einen Stempels (238) 

abzulagern. 

47. Vorrichtung nach Anspruch 46, bei welcher zumindest ein Teil der Oberflache des mindestens einen Stempels 
(238), welcher das Kissen (240) beruhrt, urn von dort die oberflachenaktive Substanz zu ubernehmen, aus einem 

45 Verbundwerkstoff aus etwa 90 % Urethan und 10 % Silikon besteht 

48. Vorrichtung nach Anspruch 41 , bei welcher eine Vielzahl der ersten Formhalften (10) auf einer Palette (12) befestigt 
ist, die von der Transporteinrichtung (27, 28) gehalten wird, wobei jede der ersten Formhalften (10) eine Vorder- 
kriimmung (18) zur Formung einer hydrophilen Polymer-Kontaktlinse und einen diese umgebenden Flansch (18) 

50 umfaGt und wobei jede der Formungseinrichtungen funktionell zu einem Stempel (238) ausgerichtet ist, wodurch 

bei einem Kontakt zwischen der Vorderkrummung (18) und dem zugehorigen Stempel (238) eine dunne Schicht 
der oberflachenaktiven Substanz auf die zugewandte Oberflache des Flansches (1 8) rund um die Vorderkrummung 
(18) ubertragen wird, wodurch das Entfernen einer zweiten Formhalfte (30) mit der Grundkrummung der Linse 
sowie eines Ringes uberschussigen Formungsmaterials, das haftend auf den Oberflachen des Flansches abge- 

55 lagert wurde, erleichtert wird. 

49. Vorrichtung nach Anspruch 1,2,3 Oder 4, bei welcher die Transporteinrichtung (27, 29) aufweist: 
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(a) eine oder mehrere Palette(n) (1 2) zum Halten einer oder mehrerer Kontaktlinsenform(en) beim Durchlauf 
durch die Vorrichtung, wobei diese Palette(n) (12) eine oder mehrere Vertiefung(en) (130) aufweist, die auf 
einer Oberflache derselben ausgebildet ist (sind), urn eine oder mehrere erste Formhalften (10) oder eine 
oder mehrere zweite Formhalften (30) vor dem Zusammenfugen der Kontaktlinsenform aufzunehmen und 

5 

(b) eine Fordereinrichtung zum Transportieren der Paletten (12) von Station zu Station durch die Fertigungs- 
linienanlage. 

50. Vorrichtung nach Anspruch 49, bei welcher die Transporteinrichtung ferner Einpassungseinrichtungen aufweist, 
10 die in der Palettenoberflache eingearbeitet sind, urn an einer oder mehreren automatisierten Station(en) der Vor- 
richtung eine prazise Positionierung der Palette (12) zu ermoglichen. 

51. Vorrichtung nach Anspruch 49, bei welcher jede der ersten Formhalften (10) und derzweiten Formhalften (30) der 
Kontaktlinsen-Formbaugruppe einen ebenen Ringflansch (18, 36) aufweist. 

15 

52. Vorrichtung nach Anspruch 51 , bei welcher jede der ersten Vertiefungen (130) ferner einen vertieften Flanschbe- 
reich (130a) aufweist, urn den Ringflansch (18, 36) entweder einer ersten Formhalfte (10) oder einer zweiten 
Formhalfte (30) aufzunehmen. 

20 53. Vorrichtung nach Anspruch 49, bei welcher jede der ersten Formhalften (1 0) und der zweiten Formhalften (30) der 
Kontaktlinsen-Formbaugruppe eine ebene Zunge (26) aufweist, welche sich von dem Ringflansch (18, 36) aus 
erstreckt. 

54. Vorrichtung nach Anspruch 53, bei welcher jede der ersten Vertiefungen (130b) ferner eine vertieften Zungenbe- 
25 reich (130c) aufweist, urn sowohl die Zunge (26) der ersten Formhalfte (10) als auch der komplementaren zweiten 

Formhalfte (30) aufzunehmen, urn die Formhalften (10, 30) in einer vorgegebenen Ausrichtung in der jeweiligen 
ersten Vertiefung (130b) zu lagern. 

55. Vorrichtung nach Anspruch 49, bei welcher die Fordereinrichtung Schienen zur Fuhrung der Palette (12) durch 
30 vorgegebene Bereiche der Fertigungslinie aufweist, wobei die Paletten (1 2) Vertiefungen zum Eingriff in die Schie- 
nen wahrend des Transportes aufweisen. 

56. Vorrichtung nach Anspruch 55, bei welcher die Fordereinrichtung einen Schwingbalken zur Bewegung der Paletten 
(12) entlang der Schienen aufweist. 

35 

57. Vorrichtung nach Anspruch 49, bei welcher die Fordereinrichtung einen einzelnen Gurt fur den seriellen Transport 
der Paletten (12) fiber vorgegebene Strecken entlang der Fertigungslinie aufweist. 

58. Vorrichtung nach Anspruch 55, bei welcher die Fordereinrichtung eine StoBeleinrichtung aufweist, urn die Paletten 
40 (12) iiber vorgegebene Strecken entlang der Schienen zu stoBen. 

59. Vorrichtung nach Anspruch 49, bei welcher die Fordereinrichtung einen ersten und einen zweiten Gurt zum gleich- 
zeitigen Transport einer ersten Serie und einer zweiten Serie von Paletten (1 2) aufweist, wobei der erste Gurt eine 
erste Serie von Paletten (12) befordert, wetche die ersten Formhalften (10) tragen, und der zweite Gurt befordert 

45 eine zweite Serie von Paletten (12), welche die komplementaren zweiten Formhalften (30) zu deren Beforderung 

tragen. 

60. Vorrichtung nach Anspruch 59, bei welcher die Transporteinrichtung ferner eine Folgesteuerung aufweist, urn eine 
Palette (12) vom ersten Gurt, welche erste Formhalften (10) tragt, angrenzend an eine Palette (12) vom zweiten 

so Gurt, welche zweite Formhalften (30) tragt, zu positionieren, urn es zu ermoglichen, daB die aneinander angren- 

zend positionierten Paletten (12) auf einem dritten Gurt durch die Vorrichtung befordert werden. 

61. Vorrichtung nach Anspruch 59, welche ferner eine Sammeleinrichtung aufweist, urn auf der Fordereinrichtung 
Serien von Paletten (12) zur Chargenbearbeitung in vorgegebenen Bereichen der Fertigungslinienanlage zu sam- 

55 meln. 

62. Vorrichtung nach Anspruch 61 , bei welcher die Sammeleinrichtung zur Ermoglichung der Chargenbearbeitung in 
vorgegebenen Bereichen der Fertigungslinienanlage eine Klemmeinrichtung an einer stromabwarts gelegenen 
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Stelle aufweist, um die Bewegung einer oder meh re rer strom auf warts von der Klemmeinrichtung befindlicher Pa- 
lette(n) (12) zu stoppen, so daB eine Ansammlung von Paletten (12) dahinter ermoglicht wird. 

63. Vorrichtung nach Anspruch 62, welche ferner eine StoBeieinrichtung aufweist, um nach der Chargenbearbeitung 
5 einen sequentieilen Transport der Paletten (12) auf der Fordereinrichtung zu ermoglichen. 

64. Vorrichtung nach Anspruch 60, bei welcher die zweiten Formhalften (30) von der zweiten Serie von Paletten (12) 
entnommen werden, um an der automatisierten Zusammenfugungsstation (55) zu Kontaktlinsenformen zusam- 
mengefugt zu werden. 

10 

65. Vorrichtung nach Anspruch 64, bei welcher die Transportvorrichtung ferner eine Einrichtung zur Ruckfuhrung leerer 
Paletten (12) auf einem vierten Gurt von der Kontaktlinsenformen-Zusammenfugungsstation zum zweiten Gurt 
zur Aufnahme zweiter Formhalften (30) aufweist. 

15 66. Vorrichtung nach Anspruch 49, bei welcher die Palettenoberflache acht erste Vertiefungen (130b) aufweist. 

67. Vorrichtung nach Anspruch 1,2,3 Oder 4, bei welcher die automatisierte Station (90) zur Entformung von Form- 
baugruppen mit Flanschen (18, 36), die an jeder der Formhalften (1 0, 30) ausgebildet sind, geeignet ist und diese 
Station ferner aufweist; 

20 

(a) eine erste Einrichtung zur Anwendung von Warme an der zweiten Forrnhalfte (30), um einen Temperatur- 
gradienten zwischen der zweiten Forrnhalfte (30) und der Kontaktiinse auszubilden und 

(b) eine Trenneinrichtung (448) zum Entformen der Linse, wobei die Trenneinrichtung zwischen den Flanschen 
25 der ersten und der zweiten Formhaiften (1 0, 30) der Kontaktlinsen-Formbaugruppe eingefuhrt wird und wobei 

die Trenneinrichtung (448) einen ersten und einen zweiten Satz von Trennfingem (456, 458) aufweist, um die 
zweite Forrnhalfte (30) in bezug auf die erste Forrnhalfte (10) nach oben mit einer vorgegebenen Kraft vorzu- 
spannen, um die Hinterkrummungs-Formhalfte (30) von dieserzu entfernen. 

30 68. Vorrichtung nach Anspruch 67, bei welcher die Trenneinrichtung (448) die Hinterkrummungs-Formhalfte (30) nach 
einer vorgegebenen Zeit nach der Anwendung von Warme von der Vorderkrummungs-Formhalfte (10) abhebt. 

69. Vorrichtung nach Anspruch 67, bei welcher die Entformungsstation (90) ferner eine Greifeinrichtung aufweist, 
welche die zweite Forrnhalfte (30) gleichzeitig mit deren Abheben von der zugehorigen ersten Forrnhalfte (10) 

35 erfaBt. 

70. Vorrichtung nach Anspruch 67, bei welcher die Trenneinrichtung (448) eine Einrichtung zur Verschiebung des 
ersten Satzes von Trennfingem (456, 458) im wesentlichen in einer vertikalen Richtung aufweist, wahrend der 
zweite Satz von Trennfingem (456, 458) die ersten Formhalften (10) festhalt, wodurch die Formhalften (10, 30) 

40 getrennt werden. 

71 . Vorrichtung nach Anspruch 70, bei welcher der erste und zweite Satz von Trennfingem (456, 458) aus einer ersten 
zuruckgezogenen Position in eine zweite ausgefahrene Position zwischen die Flansche (18, 36) der ersten und 
der zweiten Formhalften (10) der Kontaktlinsen-Formbaugruppe ausfahrbar ist. 

45 

72. Vorrichtung nach Anspruch 71 , bei welcher die Trenneinrichtung (448) zwischen die Flansche (1 8, 36) der Form- 
halften (10, 30) jeder Kontaktlinsen-Formbaugmppe ausgefahren wird, wahrend jeder der zweiten Formhalften 
(30) Warme zugefuhrt wird. 

50 73. Vorrichtung nach Anspruch 72, bei welcher die erste Einrichtung zur Zufuhr von Warme eine Einrichtung (528) zur 
Zufuhr einer vorgegebenen Menge an Dampf umfaBt. 

74. Vorrichtung nach Anspruch 73, bei welcher die erste Einrichtung (528) zur Zufuhr von Dampf eine Einrichtung zum 
AuslaB von Dampf durch eine Duse (527) ist, welche einer Kontaktlinsen-Formbaugruppe zugeordnet ist. 

55 

75. Vorrichtung nach Anspruch 74, bei welcher die erste Einrichtung ferner eine Einrichtung zum Vorschub der Dampf- 
AuslaBeinrichtung (528) aus einer ersten Position in eine zweite Position im Kontakt mit der zweiten Forrnhalfte 
(30), bevor der Dampf auf die Oberflache der zweiten Forrnhalfte (30) ausgelassen wird sowie zum Zuruckziehen 
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der Dampf-AuslaBeinrichtung (528) von der zweiten Formhalfte (30) in die erste Position nach dem AuslaB von 
Dampf, umfaBt. 

76. Vorrichtung nach Anspruch 1,2,3 oder 4, bei welcher die automatisierte Entformungsstation (90) ferner eine der 
5 Kontaktlinsen-Formbaugruppe zugeordnete Greifeinrichtung (585) zum Erfassen der zweiten Formhalfte (30) auf- 

weist, wenn diese von ihrer entsprechenden ersten Formhalfte (10) getrennt ist. 

77. Vorrichtung nach Anspruch 1 , 2, 3 oder 4, bei welcher die automatisierte Entformungsstation (90) eine Dampfdu- 
sen-Baugruppe zum Erwarmen der zweiten Formhalfte (30) der Kontaktlinsen-Formbaugruppe aufweist und diese 

10 Dusenbaugruppe wiederum aufweist: 

(a) eine Vielzahl von Dampfdusen (527) zur Anlage an einer Vielzahl von Kontaktlinsen-Formbaugruppen, 
wobei jede der Dusen (527) aufweist: 

15 (j) Einrichtungen zum Abdichten der Duse zur Formbaugruppe, urn eine Erwarmungskammer zwischen 

der Duse (527) und der Kontaktlinsen-Formbaugruppe zu schaffen; 

(ii) eine Dampfoffnung fur den AuslaB von Dampf in die Erwarmungskammer und 

20 (jji) mindestens einen DurchlaB in jeder der Dusen (527), urn Dampf aus der Erwarmungskammer abzu- 

saugen; 

(b) eine Einrichtung zum Bewegen der Dampfdusen (527) zur Anlage an den Kontaktlinsen-Formbaugruppen; 

25 ( C ) einen ersten Sammelraum zur Verteilung des Dampfes auf jede der Dusenbaugruppen und 

(d) einen zweiten Sammelraum zurn Anlegen eines Vakuums an die Durchlasse, urn den Dampf aus der 
Erwarmungskammer abzusaugen, wodurch ein Temperaturgradient zwischen der Hinterkrummungs-Form- 
halfte (30) und der Kontaktlinse in der Formbaugruppe erzeugt werden kann. 

30 

78. Vorrichtung nach Anspruch 1, 2, 3 oder 4, bei welcher die automatisierte Entformungsstation (90) ferner eine 
Quelle intensiver elektromagnetischer Strahlung aufweist, urn eine der Formhalften (30) vor der Entformung zu 
erwarmen, wobei die Strahlung der einen Formhalfte (30) absorbiert wird, urn eine Tern peraturd iff erenz zwischen 
der Formhalfte (30) und der zu entformenden Kontaktlinse zu erzeugen. 

35 . 

79. Vorrichtung nach Anspruch 78, bei welcher die Entformungsstation (90) auch eine Einrichtung aufweist, urn die 
elektromagnetische Strahlung von der Quelle aus auf die AuBenflache der zu erwarmenden Formhalfte (30) zu 
richten und dort einfallen zu lassen. 

40 80. Vorrichtung nach Anspruch 79, bei welcher die Quelle elektromagnetischer Strahlung ein Laser ist. 

81. Vorrichtung nach Anspruch 80, bei welcher die Strahlung eine Wellenlange im Bereich zwischen 1 jxm und 20 u,m 
hat. 

*5 82. Vorrichtung nach Anspruch 1 , 2, 3 oder 4, bei welcher die automatisierte Entformungsstation (90) speziell an die 
Entformung von Kontaktlinsen zwischen einer ersten und einer zweiten Formhalfte (10, 30) angepaBt ist, wobei 
die erste Formhalfte (10) eine konkave Vorderkrummungs- Formhalfte und die zweite Formhalfte (30) eine konvexe 
Hinterkrummungs-Formhalfte ist und jede der Formhalften (10) nach auBen gerichtete Flansche (18, 36) aufweist, 
die in einem Abstand im wesentlichen parallel zueinander angeordneten sind, wobei die Entformungs vorrichtung 

50 umfaBt: 

(a) mindestens ein Paar unterer Trennfinger (456, 458), die an einer Biegung verbunden sind, urn ein unteres 
U-formiges Trennwerkzeug zu bilden; 

55 (b) mindestens ein Paar oberer Trennfinger (456, 458), die an einer Biegung verbunden sind, urn ein oberes 

U-formiges Trennwerkzeug zu bilden; 

(c) eine erste Einrichtung zum linearen Bewegen der oberen und unteren Trennwerkzeuge entlang einer Ein- 
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fuhrungsachse aus einer ersten Beforderungsposition in eine zweite Einfuhrungsposition; 

(d) eine zweite Einrichtung zum linearen Bewegen der oberen und unteren Trennwerkzeuge entiang einer 
ersten Trennachse aus einer ersten Einfuhrungsposition in eine zweite Entformungsposition und 

5 

(e) eine Steuerungseinrichtung zur sequentiellen Betatigung der ersten Einrichtung zum Einfuhren der Trenn- 
werkzeuge zwischen die Flansche (18, 36) der Form und dann zur Betatigung der zweiten Einrichtung zum 
Anheben der Hinterkrummungs-Fonnhalfte (30), urn dadurch diese Hinterkrummungs-Formhaifte (30) von der 
Vorderkrummungs-Formhalfte (10) zu trennen. 

10 

83. Vorrichtung nach Anspruch 82, bei welcher eine Vielzahl von Kontaktlinsen und Formhalften (10, 30) von den 
Transporteinrichtungen (27, 29) auf einer Palette (12) gehalten werden, und die Vorrichtung eine Vielzahl von 
Paaren oberer und untererTrennfinger (456, 458) aufweist. 

15 84. Vorrichtung nach Anspruch 83, bei welcher die Palette (12) zwei Reihen von Kontaktlinsen und Formhalften (10, 
30) enthalt und die Vorrichtung erste und zweite Satze oberer und untererTrennfinger (456, 458) aufweist, wobei 
der erste Satz auf einer ersten Seite der Palette (12) und der zweite Satz auf einer zweiten Seite der Palette (12) 
angeordnet ist. 

20 85. Vorrichtung nach Anspruch 84, bei welcher jedes Trennwerkzeug (448) ein dunnes Klingenelement mit einer Viel- 
zahl sich nach auBen erstreckenderTrennfinger (456, 458) ist. 

86. Vorrichtung nach Anspruch 85, bei welcher die Klingenelemente zur Einfuhrung zwischen den Flanschen (1 8, 36) 
sandwichartig zusammengefugt sind. 

25 

87. Vorrichtung nach Anspruch 82, bei welcher die Entformungsvorrichtung (90) ferner einen Saugnapf (585) fur min- 
destens je ein Paar oberer Trennfinger (456, 458) aufweist. 

88. Vorrichtung nach Anspruch 87, weiche ferner eine dritte Einrichtung zur unabhangigen Linearbewegung des Saug- 
30 napfes (585) aufweist, urn die Hinterkrummungs-Formhaifte (30) nach der Trennung der Formhalften von den 

oberen Trennfingern zu entnehmen. 

89. Vorrichtung nach Anspruch 82, weiche femer eine Einrichtung zur Erwarmung der Hinterkrummungs-Formhaifte, 
bevor die zweite Einrichtung betatigt wird, enthalt. 

35 

90. Vorrichtung nach Anspruch 89, bei welcher die Erwarmungseinrichtung eine Dampfduse ist. 

91. Vorrichtung nach Anspruch 89, bei welcher die Erwarmungseinrichtung ein Laser ist. 

40 92. Vorrichtung nach einem der bisherigen Anspruche mit einer Vorhartungsstation (60) zum Klemmen der ersten 
Formhalfte (10) gegen die zweite Formhalfte (30) mit einem vorgegebenen Druck und uber eine vorgegebeneZeit, 
urn das Hydrogel aktinischer Strahlung auszusetzen, urn die Polymerisation auszulosen. 

93. Vorrichtung nach Anspruch 1, 2, 3 oder 4, bei welcher die Entformungsstation eine Erwarmungseinrichtung auf- 
45 weist, urn die zweite Formhalfte vor der Entformung zu erwarmen. 

94. Vorrichtung nach einem der bisherigen Anspruche, bei welcher die Formhalften unter Vakuum zusammengefugt 
werden. 

so 95. Vorrichtung nach Anspruch 1,2,3 oder 4, bei welcher die Formhalften in einer Atmosphare mit niedrigem Sauer- 
stoffgehalt transportiert werden . 

96. Verfahren zur automatisierten Formung von Kontaktlinsen aus einem polymerisierbaren Monomer oder einem 
Monomergemisch, wobei dieses Verfahren umfaBt: 

55 

(a) Transportieren einer Vielzahl von Kontaktlinsenformen zu bzw. von einer Vielzahl automatisierter Stationen, 
wobei jede dieser Kontaktlinsenformen aus einer ersten und einer zweiten Formhalfte (10, 30) besteht; 
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(b) Einfullen einer vorgegebenen Menge eines polymerisierbaren Monomers Oder Monomergemisches in die 
erste Formhalfte; 

(c) Zusammenf iigen jeder ersten Formhalfte (1 0) mit einer zweiten Formhalfte (30) an einer zweiten automa- 
5 tisierten Station (55); 

(d) Klemmen der zweiten Formhalfte (30) gegen die erste Formhalfte (1 0) mit einem vorgegebenen Druck fur 
eine vorgegebene Zeit, urn einen Kontaktlinsen-Formhohlraum (101) zu begrenzen und jeglichen UberschuB 
an Monomer aus dem Hohlraum (101) zu entfernen; 

10 

(e) Polymerisieren des polymerisierbaren Monomers oder Monomergemisches im Hohlraum (101) mittels 
Strahlungsenergie, nachdem die ersten und die zweiten Formhalften (1 0, 30) zusammengeklemmt wurden und 

(f) Entfernen der zweiten Formhalfte (30) und jeglichen Uberschusses an Monomer von der ersten Formhalfte 
15 (10) und der geformten Kontaktlinse an einer automatisierten Entformungsstation (90). 

97. Verfahren nach Anspruch 96, bei welchem: 

der Schritt der Polymerisation des Monomers oder Monomergemisches die folgenden Schritte umfaBt: 

20 

1 .) Belichten des Monomers oder Monomergemisches im geklemmenten Zustand mittels einer Strah- 
lungsenergiequelle (314), urn die Linse zu einer gelartigen Konsistenz vorzuharten und die Polymerisation 
der ganzen Linse auszulosen und 

25 2.) Polymerisieren und Ausharten des Monomers oder Monomergemisches im Hohlraum (101), nachdem 

die Linse vorgehartet wurde. 

98. Verfahren nach Anspruch 96 oder 97 mit dem zusatzlichen Schritt der Formung erster und zweiter Formhalften 
(1 0, 30) fur die Herstellung weicher Kontaktlinsen-Rohlinge in einer ersten und einer zweiten automatisierten For- 

30 mungsstation (1 01 a, 1 01 b). 

99. Verfahren nach Anspruch 96, 97 oder 98 mit dem weiteren Schritt der Entgasung des Monomers oder Monomer- 
gemisches vor der Fullung der ersten Formhalfte (10). 

35 lOO.Verfahren nach Anspruch 96, 97 oder 98 mit dem weiteren Schritt des Transportes der Formhalften (10, 30) in 
einer inerten Atmosphare, um die Absorption von Sauerstoff zu verhindern. 

101 .Verfahren nach Anspruch 100 mit dem weiteren Schritt der Formung von Satzen erster und zweiter Formhalften 
(10, 30) bei einer Temperatur von mindestens 450 °F in einer Zykluszeit von 3 bis 12 Sekunden. 

40 

1 02. Verfahren nach Anspruch 1 01 mit dem weiteren Schritt der Uberfuhrung der geformten Satze vom Formungsschritt 
zum Transportschritt in einer inerten Atmosphare innerhalb von 15 Sekunden vom Formungsschritt an. 

103. Verfahren nach Anspruch 96, 97 oder 98 mit dem weiteren Schritt des Klemmens der Formhalften (10, 30) zu- 
45 sammen mit dem Zusammenf iigungsschritt unter Vakuum, um die Formhalften sicher zu lagern und auszurichten. 

104. Verfahren nach Anspruch 96, 97 oder 98 mit dem weiteren Schritt der Formung jeder Formhalfte mit einem Flansch 
(1 8, 36) und dem anschlieBenden Beschichten des Flansches (1 8, 36) der ersten Formhalfte (1 0) mit einer ober- 
flachenaktiven Substanz vor dem Zusammenfugen der Formhalften (10, 30). 

50 

105. Verfahren nach Anspruch 96, 97 oder 98 mit dem weiteren Schritt des Transportes der ersten und zweiten Form- 
halften (10, 30) in Satzen auf separaten Paletten (12). 

106. Verfahren nach Anspruch 105, bei welchem der Transportschritt den weiteren Schritt der abwechselnden Anord- 
55 nung einer Palette (12) mit einem Satz erster Formhalften (10) mit einer Palette (12) mit einem Satz zweiter Form- 
halften (30) umfaBt. 

107. Verfahren nach Anspruch 106 mit dem weiteren Schritt des Aufnehmens eines Satzes zweiter Formhalften (30) 
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von einer Palette (12) wahrend eines ersten Zyklus und des Absetzens des Satzes zweiter Formhalften (30) auf 
ersten Formhalften (10) auf elner zweiten Palette (12) wahrend eines zweiten Zyklus, urn die Form zusammen- 
zufugen. 

5 108.Verfahren nach einem der Anspruche 96 bis 107, bei welchem die Formhalften unter Vakuum zusammengefugt 
werden. 

109.Verfahren nach Anspruch 96, 97 oder 98, bei welchem die Formhalften in einer Atmosphare mit niedrigem Sau- 
erstoffgehalt transportiert werden, 

10 

Revendications 

1. Appareil pour le moulage automatise de lentilles de contact a partir d'un hydrogel polymerisable, ledit appareil 
15 comprenant : 

a) des moyens de transport (27, 29) pour transporter une plurality de moules de lentille de contact vers et a 
partir d'une plurality de postes, chacun desdits moules de lentille de contact ayant des premiere et seconde 
parties de moule (10, 30) ; 

20 b) un premier poste automatise (53) pour recevoir une pluralite de premieres parties de moule (1 0) et deposer 

a Tinterieur une quantite predetermined d'hydrogel polymerisable ; 

c) un deuxieme poste automatise (55) pour recevoir ladite pluralite de premieres parties de moule (10) et 
assembler chaque premiere partie de moule (10) avec une seconde partie de moule (30) pour definir une 
cavite de moule de lentille de contact (101) et pour retirer tout exces d'hydrogel de ladite cavite (101) ; 
25 d) des premiers moyens pour serrer ladite premiere moitie de mouie (10) contre ladite seconde moitie de 

moule (30) pendant un temps et a une pression predetermines ; 

e) une source d'energie rayonnante (314) pour polymeriser ledit hydrogel polymerisable dans ladite cavite 
(101) apres que lesdites premiere et seconde moities (10, 30) soient serrees ensemble ; et 

f) un poste de demoulage automatise (90) pour retirer ladite seconde partie de moule (30) et tout exces d'hy- 
30 drogel de ladite premiere partie de moule (1 0) et de ladite lentille de contact. 

2. Appareil selon la revendication 1 , dans lequel : 

les premiers moyens comprennent un poste de predurcissage (60), ledit poste de predurcissage (60) com- 
35 prenant la source d'6nergie rayonnante (314), la source d'energie rayonnante servant a initier la polymerisation 

sur toute la lentille ; 

I'appareil comprenant en outre des moyens pour polymeriser et durcir ledit hydrogel polymerisable dans ladite 
cavite (101) apres que ladite lentille a ete predurcie. 

40 3. Appareil selon la revendication 1 ou la revendication 2, ledit appareil comprenant en outre : 

un poste de moulage (101a, 101b) pour mouler par injection des premiere et seconde parties de moule com- 
pletement degazees (10, 30) afin de produire des ebauches de lentilles de contact souples. 

45 4. Appareil selon Tune quelconque des revendications 1 a 3, dans lequel I'energie rayonnante est fournie au niveau 
d'un poste de durcissement pour polymeriser ledit hydrogel polymerisable dans ladite cavite (101). 

5. Appareil selon la revendication 1 ou 2 ou 3 ou 4, comprenant en outre des moyens (422) pourdegazer I'hydrogel 
avant d'etre depose dans ladite premiere partie de moule (10). 

50 

6. Appareil selon la revendication 1 ou 2 ou 3 ou 4, comprenant en outre des moyens formant enceinte (24) pour 
entourer lesdits moyens de transport (27, 29) et lesdites parties de moule (10, 30) d'une atmosphere inerte. 

7. Appareil selon la revendication 6, comprenant en outre des premiers moyens de moulage (101a, 101b) pour le 
55 moulage par injection desdites premiere et seconde parties de moule (10, 30), a une temperature d'au moins 450 

degres F pendant un cycle de 3 a 12 secondes. 

8. Appareil selon la revendication 6, comprenant en outre des moyens robotiques (1 03, 1 04) pour le transfert desdites 
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parties de moule (10, 30) depuis lesdits premiers moyens de moutage (101a, 101b) vers lesdits moyens de trans- 
port (27, 29) et ladite atmosphere inerte en 15 secondes ou moins. 

9. Appareil selon la revendication 1 ou 2 ou 3 ou 4, dans lequel ledit deuxieme poste automatis6 (55) comprend en 
5 outre des moyens de serrage (340) pour serrer lesdites parties de moule (10, 30) ensemble dans des conditions 

de vide afin de deplacer tout exces d'hydrogel ainsi qu'asseoir fermement et aligner les parties de moule (1 0, 30). 

1 0. Appareil selon la revendication 1 ou 2 ou 3 ou 4, dans lequel chaque partie de moule (1 0, 30) comprend un element 
formant bride (1 8, 36), et dans lequel ledit appareil comprend en outre un poste (34) pour revetir la bride de ladite 

10 premiere partie de moule d'un tensioactif avant I'assemblage desdites parties de moule (10, 30). 

11. Appareil selon la revendication 1 ou 2 ou 3 ou 4, dans lequel lesdites premieres parties de moule (10) sont trans- 
portees vers lesdits premier et deuxieme postes automatis6s (53, 55) sur un plateau (12) par lesdits moyens de 
transport (27, 29). 

15 

12. Appareil selon la revendication 1 1 , dans lequel ledit plateau (1 2) comprend des moyens de reperage (28a, b) pour 
coop6rer avec ledit deuxieme poste (53) afin de rep6rer ledit plateau (12) avant I'assemblag desdites parties de 
moule (10, 30). 

20 13. Appareil selon la revendication 12, dans lequel ledit plateau (12) comprend une zone de scellement p6rim6trique 
(1 40) pour cooperer avec un scellement perimetrique forme au niveau dudit deuxieme poste automatise (55) pour 
permettre I'assemblage sous vide. 

14. Appareil selon la revendication 11 , dans lequel lesdits moyens de transport (27, 29) comprennent en outre des 
25 plateaux s6par6s (12) pour lesdites secondes parties de moule (30), dans lequel lesdits plateaux (12) ayant des 

premieres parties de moule (1 0) sont entrelaces avec des plateaux (12) ayant des secondes parties de moule (30). 

15. Appareil selon la revendication 14, dans lequel ledit deuxieme poste automatisg (55) effectue un cycle entre des 
plateaux (12), ramassant des secondes parties de moule (30) d'un plateau (1 2) dans un premier cycle, et deposant 

30 lesdites secondes parties de moule (30) sur lesdites premieres parties de moule (1 0) dans un second plateau (1 2) 

lors d'un second cycle afin d'assembler ledit moule. 

16. Appareil selon la revendication 1 , 2, 3 ou 4, dans lequel ledit poste d'assemblage (55) comprend en outre : 

35 j) un element formant logement pour entourer des premiere et seconde parties de moule alignges (10, 30) 

afin de permettre la creation d'un vide autour desdites parties (10, 30) ; et 

ii) des troisiemes moyens pour animer d'un mouvement de va-et-vient lesdites secondes parties de moule 
(30) le long d'un axe de va-et-vient afin de serrer lesdites secondes parties de moule (30) contre ladite premiere 
partie de moule (10) avec une pression pr6d6termin6e toujours en presence du vide. 

40 

17. Appareil selon la revendication 16, dans lequel ledit element formant logement et lesdits troisiemes moyens ef- 
fectuent un mouvement de va-et-vient le long d'axes paralleles. 

18. Appareil selon la revendication 1 7, dans lequel lesdits troisiemes moyens comprennent un element de va-et-vient 
45 separe pour chaque seconde partie de moule (30) porte dans ledit plateau (12). 

1 9. Appareil selon la revendication 18, dans lequel chaque element de va-et-vient comprend des moyens d'appui pour 
mettre en prise ladite seconde partie de moule (30) et un orifice de vide pour cr6er un vide entre ledit element de 
va-et-vient et ladite seconde partie pour permettre ainsi audit element de va-et-vient de soulever ladite seconde 

50 partie de moule (30) de son plateau associe (12). 

20. Appareil selon la revendication 1 9, dans lequel chacun des elements de va-et-vient est incline s6parement depuis 
une chambre de surpression par rapport auxdits troisiemes moyens pour permettre le va-et-vient independant et 
le serrage par chacun des moyens de va-et-vient k une pression commune pr6d6termin6e. 

55 

21. Appareil selon la revendication 20, dans lequel ledit element formant logement peut effectuer un mouvement de 
va-et-vient par rapport auxdits troisiemes moyens, et est incline de manure r6siliente dans une premiere position 
par rapport auxdits troisiemes moyens. 
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22. Appareil selon la revendication 21 , dans lequel ladite inclinaison resiliente entre ledit logement et lesdits troisiemes 
moyens 6tablit une inclinaison d'6crasement pr6determinee entre ledit logement et ledit plateau (12), pour main- 
tenir ledit vide k I'interieur dudit logement durant I'assemblage desdites parties de moule (1 0, 30). 

5 23. Appareil selon ia revendication 1 , dans lequel lesdits premiers moyens comprennent une source d'energie rayon- 
nante (314) pour predurcir ledit hydrogel polymerisable pendant que lesdites premiere et seconde moittes (10, 30) 
sont serrees ensemble. 

24. Appareil selon la revendication 1 ou la revendication 3, dans lequel lesdits premiers moyens sont mont6s a I'inte- 
10 heur de et definissent une partie dudit poste d'assemblage, et dans lequel ledit appareil comprend en outre un 

poste de predurcissage (60), ledit poste de predurcissage (60) comprenant des deuxiemes moyens pour serrer 
lesdites premiere et seconde moities de moule (10, 30) ensemble et une source d'energie rayonnante (314) pour 
predurcir ledit hydrogel polymerisable pendant que lesdites premiere et seconde moittes (10, 30) sont serr6es 
ensemble. 

15 

25. Appareil selon la revendication 24, dans lequel ledit appareil comprend en outre des moyens de commande pour 
faire varier la quantite d'energie recue par ledit hydrogel pendant ladite §tape de predurcissage. 

26. Appareil selon la revendication 25, dans lequel lesdits seconds moyens pour serrer comprennent un element de 
20 serrage effectuant un mouvement de va-et-vient positionne entre lesdits moules et ladite source d'energie rayon- 
nante (314). 

27. Appareil selon la revendication 24, dans lequel lesdits moyens de transport (27, 29) dSplacent lesdits moules en 
mise en prise resiliente avec ledit 6l6ment de serrage resilient (340) k mesure que lesdits moules sont d6places 

25 dans une position d'exposition. 

28. Appareil selon la revendication 24, dans lequel lesdits elements de serrage resilients (340) sont montes sur ladite 
source de lumiere k 6nergie rayonnante (314) et ladite source de lumiere k energie rayonnante (314) dSplace 
lesdits elements de serrage (340) en mise en prise resiliente avec des moities de moule lorsque lesdits moules 

30 sont deplaces dans une position d'exposition. 

29. Appareil selon la revendication 26, dans lequel chacun desdits elements de serrage (340) comprend un cylindre 
annulaire ayant un diametre annulaire superieur au diametre de ia lentille de contact destinee k etre polymerised. 

35 30. Appareil selon la revendication 29, dans lequel ledit cylindre annulaire est incline de maniere resiliente en mise 
en prise avec ledit moule. 

31. Appareil selon la revendication 30, dans lequel ladite pression de serrage est de 0,5 a 2,0 Kgf. 

40 32. Appareil selon la revendication 28, dans lequel ledit rayonnement actinique est emis par des lampes ultraviolettes 
entre 320 et 390 nm. 

33. Appareil selon la revendication 27, dans lequel lesdits moyens de transport comprennent une pluralite de montants 
de soulevement pour eiever lesdits plateaux (12) en mise en prise avec lesdits seconds moyens. 

45 

34. Appareil selon la revendication 1, 2, 3 ou 4, dans lequel lesdits moules de lentille de contact comprennent une 
premiere moitie de moule (1 0) et une seconde moitie de moule (30), chaque moitie comprenant un article integrant 
de polymerethermoplastique transparent k la lumiere ultraviolette, ledit article ayant une section centrale incurvee 
definissant une surface concave, une surface convexe et une arete circonferentielle circulate, au moins la partie 

so centrale d'au moins une parmi ladite surface concave et ladite surface convexe ayant les dimensions de la courbure 

avant ou arriere, respectivement, d'une lentille de contact destinee a etre produite dans ledit assemblage de moule 
et etant suffisamment lisse pour que la surface d'une lentille de contact formee par polymerisation de ladite com- 
position polymerisable en contact avec ladite surface soit optiquement acceptable, ledit article ayant egalement 
une bride annulaire (1 8) formant un seul tenant avec et entourant ladite arete circonferentielle circulaire et s'eten- 

55 dant depuis celle-ci dans un plan perpendiculaire k I'axe de ladite surface concave. 

35. Appareil selon la revendication 34, dans lequel chacune desdites moiti6s de moule possede egalement un onglet 
generalement triangulaire (26) situe dans un plan perpendiculaire par rapport audit axe et s'6tendant depuis ladite 
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bride (18), ledit article ayant une epaisseur suffisante pour transmettre de la chaleur a travers celui-ci rapidement 
et une rigidite suffisamment efficace pour supporter des forces de levier appliqu§es pour separer ladite moitie de 
moule dudit assemblage de moule, ladite epaisseur etant comprise entre 0,6 mm et 1,5 mm. 

5 36. Appareil selon la revendication 34, dans lequel la surface de chaque moitiS de moule (1 0, 30) est essentiellement 
depourvue d'oxygene. 

37. Appareil selon la revendication 34, dans lequel ledit polymere thermoplastique est du polystyrene. 

10 38. Appareil selon la revendication 34, dans lequel chaque moitie de moule (1 0, 30) a une epaisseur essentiellement 
uniforme. 

39. Appareil selon la revendication 34, dans lequel la partie centrale de ladite surface convexe a les dimensions de 
la courbure arriere d'une lentille de contact qui peut etre produite par polymerisation d'une composition polymeri- 

15 sable en contact avec ladite surface convexe (16), et dans lequel ladite surface convexe (16) est suffisamment 

lisse pour que la surface de ladite courbure arriere soit de qualite optique et puisse etre portee confortablement 
dans I'oeil. 

40. Appareil selon la revendication 1, 2, 3 ou 4, dans lequel ledit appareil comprend en outre un troisieme poste 
20 automatise (54) situe entre lesdits premier et deuxieme postes (53, 55) pour appliquer un tensioactif sur au moins 

une surface de ladite premiere partie de moule (10), dans lequel ledit tensioactif faciiite la liberation entre lesdites 
premiere et seconde parties de moule (10, 34) et permet le retrait de tout exces de materiau de moulage polymere 
adherant a ladite au moins une surface de ladite premiere partie de moule (10). 

25 41. Appareil selon la revendication 40, dans lequel ledit troisieme poste automatise (54) comprend : 

a) des moyens de poinconnage comprenant au moins un poincon (238) dispose de maniere espacee au- 
dessus desdits moyens de transport (27, 29), ledit au moins un poincon (238) pouvant etre positionne en 
alignement vertical avec ladite au moins une premiere partie de moule (10) ; 
so b) des moyens pour revetir ledit poincon (238) d'un tensioactif ; et 

c) des moyens d'actionnement pour lesdits moyens de poinconnage afin de deplacer lesdits moyens de poin- 
connage vers le bas dans une mesure telle que les parties de surface revetues de tensioactif dudit au moins 
un poincon (238) entrent en contact avec ladite au moins une surface de ladite premiere partie de moule (10) 
afin de conferer un revetement dudit tensioactif a celle-ci. 

35 

42. Appareil selon la revendication 41 , dans lequel ledit troisieme poste (54) comprend en outre un element formant 
tampon (240) contenant un tensioactif qui peut etre interpose entre lesdits moyens de poinconnage et ladite au 
moins une premiere partie de moule (1 0) et des moyens pour deplacer ledit element formant tampon (240) depu is 
cette interposition dans ledit appareil entre lesdits moyens de poinconnage et ladite au moins une premiere partie 

40 de moule (10). 

43. Appareil selon la revendication 42, dans lequel ledit troisieme poste (54) comprend des moyens defonctionnement 
pour position nerde maniere alternee ledit element formant tampon (240) en dessous desdits moyens de poingon- 
nage et pour retirer ledit element formant tampon (240) dudit emplacement dans ledit appareil pour permettre audit 

45 au moins un poincon (238) de progresser vers le bas afin de venir au contact avec ladite au moins une surface 

de ladite au moins une premiere partie de moule (10). 

44. Appareil selon la revendication 42, dans lequel ledit element formant tampon (240) comprend un element de po- 
lyethylene poreux ayant une taille moyenne de pores de 10 microns, ledit element (240) etant impregne d'une 

50 solution contenant ledit tensioactif. 

45. Appareil selon la revendication 44, dans lequel une surface superieure dudit element de polyethylene poreux 
faisant face audit au moins un poincon desdits moyens de poinconnage est recouverte d'un filtre (244) ayant une 
taille de maille avec ouverture d'environ 1 ,2 micron. 

55 

46. Appareil selon la revendication 45, dans lequel ledit filtre (244) commande la quantite de tensioactif impregnee a 
travers ledit element (240) et rejetee vers le haut a travers ledit filtre (244) en reponse a la pression exercee dessus 
au contact dudit au moins un poincon (232) afin de deposer une quantite predeterminee dudit tensioactif sur les 
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parties de surface de contact dudit au moins un poincon (238). 

47. Appareil selon la revendication 46, dans lequel au moins les parties de surface dudit au moins un poincon (238) 
au contact dudit element f ormant tampon (240) pour en retirer le tensioactif est constitue d'un compose comprenant 

5 environ 90 % d'urethane et 1 0 % de silicone. 

48. Appareil selon la revendication 41 , dans lequel une pluralite desdites premieres parties de moule (1 0) sont montees 
sur un plateau (12) porte par lesdits moyens de transport (27, 29), chacune desdites premieres parties de moule 
(10) comprenant une courbure avant (18) pour mouler une ientille de contact polymere hydrophile et une partie 

10 formant bride englobante (18), chacun desdits moyens formant moule etant aligne en fonctionnement avec res- 

pectivement un dit poincon (238), moyennant quoi le contact entre ladite courbure avant et un poincon associe 
(133) transfere un film mince dudit tensioactif sur une surface opposee sur ladite partie formant bride (18) autour 
de ladite courbure avant depuis ledit poincon (238) facilitant ainsi le detachement d'une seconde partie de moule 
(30) comprenant une courbure de base pour ladite Ientille et un anneau de materiau de moulage en exces depose 

15 de maniere adhesive sur les surfaces de ladite partie formant bride. 

49. Appareil selon la revendication 1 , 2, 3 ou 4, dans lequel lesdits moyens de transport (27, 29) comprennent : 

a) un ou plusieurs plateaux (12) pour porter un ou plusieurs moules de Ientille de contact a travers Tappareil, 
20 lesdits plateaux (1 2) presentant un ou plusieurs creux (1 30) formes dans une surface de ceux-ci pour recevoir 

une premiere moitie de moule (10) ou davantage ou une seconde moitie de moule (30) ou davantage avant 
I'assembla dudit moule de Ientille de contact ; et 

b) des moyens de convoi pour transporter lesdits plateaux (12) de poste en poste sur toute Installation de 
chaTne de production. 

25 

50. Appareil selon la revendication 49, dans lequel lesdits moyens de transport comprennent en outre des moyens 
de reperage formes dans ladite surface de plateau pour permettre un positionnement precis dudit plateau (12) au 
niveau d'un ou de plusieurs postes automatises dans I'appareil. 

30 51. Appareil selon la revendication 49, dans lequel chacune desdites premieres moities de moule (10) et secondes 
moities de moule (30) dudit assemblage de moule de Ientille de contact comprend une partie de bride annulaire 
monoplan (18, 36). 

52. Appareil selon la revendication 51 , dans lequel chacun desdits premiers creux (130) comprend en outre une zone 
35 formant bride en creux (130a) pour recevoir lesdites parties formant bride annulaire (18, 36) de ladite premiere 

moitie de moule (10) ou de ladite seconde moitie de moule (30). 

53. Appareil selon la revendication 49, dans lequel chacune desdites premieres moities de moule (10) et secondes 
moities de moule (30) dudit assemblage de moule de Ientille de contact comprend une partie formant onglet mo- 

40 noplan (26) s'etendant depuis ladite bride annulaire (18, 36). 

54. Appareil selon la revendication 53, dans lequel chacun desdits premiers creux (1 30b) comprend en outre une zone 
formant onglet en creux (130c) pour recevoir ladite partie formant onglet (26) de ladite premiere moitie de moule 
(10) et de ladite seconde moitie de moule complementaire (30), pour asseoir normalement lesdites moities de 

45 moule (10, 30) dans une orientation predeterminee k I'interieur d'un premier creux respectif (130b). 

55. Appareil selon la revendication 49, dans lequel lesdits moyens de convoi comprennent des moyens formant rail 
pour guider ledit plateau (12) a travers des parties predeterminees de ladite chaTne de production, lesdits plateaux 
(12) comprenant des dentelures pour la mise en prise avec lesdits moyens formant rail pendant leur transport. 

50 

56. Appareil selon la revendication 55, dans lequel lesdits moyens de convoi comprennent un balancier pour entramer 
ledit plateau (12) le long desdits moyens formant rail. . 

57. Appareil selon la revendication 49, dans lequel lesdits moyens de convoi comprennent des moyens formant cour- 
55 roie unique pour transporter en serie des plateaux (1 2) sur des distances predeterminees le long de ladite chaine 

de production. 

58. Appareil selon la revendication 55, dans lequel lesdits moyens de convoi comprennent des moyens formant verin 



55 



EP 0 686 491 B1 



pour pousser ledlt plateau (12) sur des distances predetermines le long desdits moyens formant rail. 

59. Appareil selon la revendication 49, dans lequel lesdits moyens de convoi comprennent des premiers et deuxiemes 
moyens formant courroie pour transporter simultanement une premiere serie respective et une seconde serie 
5 respective de plateaux (12), lesdits premiers moyens formant courroie acheminant ladite premiere serie de pla- 

teaux (12) portant lesdites premieres moities de moule (10) et lesdits deuxiemes moyens formant courroie ache- 
minant ladite seconde serie de plateaux (12) portant des secondes moities de moule (30) compiementaires pour 
I'acheminement de ceux-ci. 

10 60. Appareil selon la revendication 59, dans lequel lesdits moyens de transport comprennent en outre des moyens 
de mise en sequence pour positionner un plateau (12) portant lesdites premieres moities de moule (10) depuis 
lesdits premiers moyens formant courroie de maniere adjacente a un plateau (1 2) portant lesdites secondes moities 
de moule (30) depuis lesdits deuxiemes moyens formant courroie et pour permettre auxdits plateaux positionnes 
de maniere adjacente (12) d'etre achemines sur des troisiemes moyens formant courroie a travers ledit appareil. 

15 

61. Appareil selon la revendication 59, comprenant en outre des moyens d'accumulation pour permettre a une serie 
de plateaux (12) de s'accumuler sur lesdits moyens formant transporter pour etre traites par lot a des endroits 
predetermines de ladite installation de chaine de production. 

20 62. Appareil selon la revendication 61 , dans lequel lesdits moyens d'accumulation permettant le traitement par lot a 
des endroits predetermines de ladite installation de chaine de production comprennent des moyens de serrage 
situes en aval pour stopper le mouvement d'un ou de plusieurs plateaux situes en amont desdits moyens de 
serrage afin de permettre I'accumulation des plateaux (12) derriere ceux-ci. 

25 63. Appareil selon la revendication 62, comprenant en outre des moyens formant v6rin pour permettre le transport 
sequentiel desdits plateaux (12) sur lesdits moyens formant transporter apres le traitement par lot de ceux-ci. 

64. Appareil selon la revendication 60, dans lequel lesdites secondes moities de moule (30) sont retirees desdites 
secondes series de plateaux (12) pour Passemblage desdits moules de lentllle de contact au niveau dudit poste 

so d'assemblage automatise (55). 

65. Appareil selon la revendication 64, dans lequel ledit appareil de transport comprend en outre des moyens pour 
renvoyer ledit plateau vide (12) le long de quatriemes moyens formant courroie depuis ledit poste d'assemblage 
du moule de lentllle de contact vers lesdits deuxiemes moyens format courroie pour recevoir lesdites secondes 

35 moities de moule (30). 

66. Appareil selon la revendication 49, dans lequel ladite surface de plateau comprend huit premiers creux (130b). 

67. Appareil selon la revendication 1 , 2, 3 ou 4, dans lequel ledit poste automatism (90) pour le d6moulage est adapts 
40 pour des assemblages de moule ayant des brides (18, 36) formees sur chacune desdites moities de moule (10, 

30), ledit poste comprenant en outre : 

a) des premiers moyens pour appliquer de la chaleur a ladite seconde moitie de moule (30) dans le but de 
former un gradient de temperature entre ladite seconde moitie de moule (30) et la lentille de contact ; et, 

45 b) des moyens formant ievier (448) pour demouler ladite lentille, lesdits moyens formant levier etant inserts 

entre lesdites brides (18, 36) desdites premieres et secondes moities de moule (10, 30) dudit assemblage de 
moule de lentille de contact, lesdits moyens formant levier (448) comprenant des premier et second ensembles 
de doigts de levier (456, 458) pour incliner ladite seconde moitie de moule (30) vers le haut a une force 
predeterminee par rapport a ladite premiere moitie de moule (10) afin de retirer ladite moitie de moule arriere 

50 (30) de celle-ci. 

68. Appareil selon la revendication 67, dans lequel lesdits moyens formant levier (448) souievent ladite moitie de 
moule arriere (30) de ladite moitie de moule avant (10) un certain temps apres I'application de ladite chaleur. 

55 69. Appareil selon la revendication 67, dans lequel ledit poste de demoulage (90) comprend en outre des moyens de 
saisissement qui saisissent simultanement ladite seconde moitie de moule (30) lorsque ladite seconde moitie de 
moule (30) est retiree de sa premiere moitie de moule associee (10). 
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70. Appareil selon la revendication 67, dans lequel lesdits moyensformant levier (448) comprennent des moyens pour 
d6placer ledit premier ensemble de doigts de levier (456, 458) dans une direction sensiblement verticale pendant 
que ledit second ensemble de doigts de levier (456, 458) fixe lesdites premieres moities de moule (10), separant 
ainsi lesdites moities (10, 30). 

5 

71 . Appareil selon la revendication 70, dans lequel lesdits premier et second ensembles de doigts de levier (456, 458) 
peuvent s'etendre depuis une premiere position retractee vers une seconde position etendue entre lesdites brides 
(18, 36) desdites premieres et secondes moities de moule (10, 30) dudit assemblage de moule de lentiile de 
contact. 

10 

72. Appareil selon la revendication 71, dans lequel lesdits moyens formant levier (448) sont inserts entre lesdites 
brides (18, 36) desdites moities de moule (10, 30) dudit assemblage de moule de lentiile de contact pendant que 
ladite chaleur est appliqu§e k chaque seconde moitie de moule (30). 

15 73. Appareil selon la revendication 72, dans lequel lesdits premiers moyens pour appliquer de la chaleur comprennent 
des moyens (528) pour appliquer une quantity predeterminee de vapeur. 

74. Appareil selon la revendication 73, dans lequel lesdits premiers moyens (528) pour appliquer de la vapeur com- 
prennent des moyens pour evacuer de la vapeur k travers une tuyere (527) associee a un assemblage de moule 

20 de lentiile de contact. 

75. Appareil selon la revendication 74, dans lequel lesdits premiers moyens comprennent en outre des moyens pour 
faire avancer lesdits moyens d'evacuation de vapeur (528) depuis une premiere position vers une seconde position 
en contact avec ladite seconde moitte de moule (30) avant d'evacuer la vapeur vers ladite seconde surface de 

25 moitie de moule, et pour retracter lesdits moyens d'application de vapeur (528) k I'ecart de ladite seconde moitie 

de moule (30) en direction de ladite premiere position apres {'evacuation de la vapeur. 

76. Appareil selon la revendication 1 ou 2 ou 3 ou 4, dans lequel ledit poste de demoulage automatise (90) comprend 
en outre des moyens de saisissement (585) associes avec ledit un assemblage de moule de lentiile de contact 

30 pour saisir ladite seconde moitie de moule (30) lorsque ladite seconde moitie de moule (30) est separee de sa 

premiere moitie de moule respective (10). 

77. Appareil selon la revendication 1 ou 2 ou 3 ou 4, dans lequel ledit poste de demoulage automatise (90) comprend 
un assemblage de tuyere k vapeur pour chauffer la seconde moitie (30) d'un assemblage de moule de lentiile de 

35 contact, ledit assemblage de tuyere comprenant : 

a) une pluralite de tuyeres a vapeur (527) pour mettre en prise une pluralite d'assemblages de moule de lentiile 
de contact, chacune desdites tuyeres (527) comprenant : 

40 j) des moyens pour sceller ladite tuyere audit assemblage de moule afin de creer une chambre de chauf- 

fage entre ladite tuyere (527) et ledit assemblage de moule de lentiile de contact ; 

ii) un orifice a vapeur pour evacuer de la vapeur dans ladite chambre de chauffage ; et 

iii) au moins un orifice d6fini dans chacune desdites tuyeres (527) pour evacuer de la vapeur k partir de 
ladite chambre de chauffage. 

45 

b) des moyens pour deplacer lesdites tuyeres k vapeur (527) en mise en prise avec lesdits assemblages de 
moule de lentiile de contact ; 

c) une premiere chambre de surpression pour distribuer de la vapeur a chacun des assemblages de tuyeres ; et 

d) une seconde chambre de surpression pour creer un vide a travers lesdits orifices d'aeration afin d'evacuer 
so de la vapeur depuis ladite chambre de chauffage moyennant quoi un gradient de temperature peut etre cr6e 

entre ladite moitie de moule de courbure arriere (30) et la lentiile de contact dans ledit assemblage de moule. 

78. Appareil selon la revendication 1 , 2, 3 ou 4, dans lequel ledit poste de demoulage automatise (90) comprend en 
outre une source de rayonnement electromagnetique intense pour le chauffage de Tune desdites moities de moule 

55 (30) avant le demoulage, ledit rayonnement etant absorbe par ladite une moitie de moule (30) afin de creer un 

differentiel de temperature entre ladite moitie de moule (30) et la lentiile de contact k demouler. 

79. Appareil selon la revendication 78, dans lequel ledit poste de demoulage (90) comprend egalement des moyens 
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pour dinger ledit rayonnement electromagn&ique depuis la source pour empecher la surface exterieure de ladite 
moitte de moule (30) d'§tre chauffee. 

80. Appareil selon la revendication 79, dans lequel la source de rayonnement electromagnetique est un laser. 

5 

81. Appareil selon la revendication 80, dans lequel le rayonnement possede une longueur d'onde comprise entre 
environ 1 ^m et environ 20 p.m. 

82. Appareil selon la revendication 1 , 2, 3 ou 4, dans lequel ledit poste de demoulage automatism (90) est particulie- 
10 rement adapts pour d§mouler une lentille de contact moutee entre une premiere et une seconde moitte de moule 

(10, 30), dans lequel ladite premiere moitte de moule (10) est une moitie de moule de courbure avant concave et 
la seconde moitte de moule (30) est une moitte de moule de courbure arriere convexe, chacune desdites moittes 
(10, 30) poss6dant un §l6ment formant bride s'6tendant vers I'exterieu (18, 36), lesquels 6l6ments formant bride 
(1 8, 36) sont espac6s et sensiblement parall&les entre eux, ledit poste de demoulage (90) comprenant un appareil 
15 de demoulage comprenant : 

a) au moins une paire de doigts de levier inferieurs (456, 458), ladite paire §tant jointe au niveau d'une anse 
pour former un outil formant levier en forme de U inferieur ; 

b) au moins une paire de doigts de levier superieurs (456, 458), ladite paire 6tant jointe au niveau d'une anse 
20 pour former un outil formant levier en forme de U sup6rieur ; 

c) des premiers moyens pour animer d'un mouvement de va-et-vient lesdits outils formant levier sup6rieur et 
inferieur le long d'un axe d'insertion depuis une premiere position d'acheminement vers une seconde position 
d'insertion ; 

d) des seconds moyens pour animer d'un mouvement de va-et-vient lesdits outils formant levier sup6rieur et 
25 inferieur le long d'un premier axe de levier depuis une premiere position d'insertion vers une seconde position 

de demoulage ; et 

e) des moyens de commande pour actionner de maniere s^quentielle lesdits premiers moyens afin d'ins6rer 
lesdits outils formant levier entre les 6l6ments formant bride (1 8, 36) dudit moule, puis pour actionner lesdits 
seconds moyens afin de soulever ladite moitie de moule de courbure arriere (30) vers le haut pour s6parer 

30 ainsi ladite moiti§ de moule de courbure arriere (30) de ladite moitie de moule de courbure avant (1 0). 

83. Appareil selon la revendication 82, dans lequel une plurality de lentilles de contact et de moittes de moule (10, 30) 
sont portees par lesdits moyens de transport (27, 29) sur un plateau (12), et dans lequel ledit appareil comprend 
une pluralite de paires de doigts de leviers inferieurs et superieurs (456, 458). 

35 

84. Appareil selon la revendication 83, dans lequel iedit plateau (12) comprend deux rangees de lentilles de contact 
et de moities de moule (1 0, 30), et dans lequel ledit appareil comprend des premier et second ensembles de doigts 
de leviers superieurs et inferieurs (456, 458), un premier ensemble etant positionn6 sur un premier cot6 dudit 
plateau (12) et un second ensemble 6tant positionn6 sur un second c6t6 dudit plateau (12). 

40 

85. Appareil selon la revendication 84, dans lequel dans chaq ue outil formant levier (448) se trouve un element formant 
lame plate mince ayant une plurality de doigts de levier s'etendant vers I'exterieur (456, 458). 

86. Appareil selon la revendication 85, dans lequel lesdits 6l6ments formant lame sont pris en sandwich ensemble 
45 pour etre insures entre lesdites brides (18, 36). 

87. Appareil selon la revendication 82, dans lequel ledit appareil de demoulage (90) comprend en outre une ventouse 
(585) pour chacune des, au moins une, paires de doigts de levier superieurs (456, 458). 

50 88. Appareil selon la revendication 87, dans lequel ledit appareil comprend en outre des troisfemes moyens pour 
animer d'un mouvement de va-et-vient r6ciproque independant ladite ventouse (585) afin de retirer ladite moitie 
de moule de courbure arriere (30) desdits doigts de levier superieurs apres separation desdites moittes de moule. 

89. Appareil selon la revendication 82, dans lequel ledit appareil comprend en outre des moyens pour chauffer ladite 
55 moitie de moule de courbure arriere avant que lesdits deuxi&mes moyens soient actionn6s. 

90. Appareil selon la revendication 89, dans lequel lesdits moyens pour chauffer comprennent une tuyere & vapeur. 
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91. Appareil selon la revendication 89, dans lequel lesdits moyens pour chauffer comprennent un laser. 

92. Appareil selon I'une quelconque des revendlcatlons precedentes, comprenant un poste de predurcissage (60) 
pour serrer ladite premiere moitie de moule (10) contre ladite seconde moitie de moule (30) k une pression et 

5 pendant une duree predetermines afin d'exposer ledit hydrogel k un rayonnement actinique pour initier la poly- 

merisation. 

93. Appareil selon la revendication 1 , 2, 3 ou 4, dans lequel le poste de demoulage possede des moyens de chauffage 
pour chauffer la seconde partie de moule avant le demoulage. 

10 

94. Appareil selon Tune quelconque des revendications precedentes, dans lequel les parties de moule sont assem- 
blies sous vide. 

95. Appareil selon la revendication 1 , 2, 3 ou 4, dans lequel les parties de moule sont transportees dans un environ- 
15 nement faible en oxygfcne. 

96. Procede pour mouler automatiquement des lentilles de contact souples k partir d'un monomere polymerisable ou 
d'un melange monomere, ledit procede comprenant les etapes consistant a : 

20 a) transporter une pluralite de moules de lentille de contact vers et depuis une pluralite de postes automatisms, 

chacun desdits moules de lentille de contact ayant des premiere et seconde parties de moule (10, 30) ; 

b) deposer une quantite predetermine d'un monomere polymerisable ou d'un melange monomere dans ladite 
premiere partie de moule ; 

c) assembler au niveau d'un deuxieme poste automatise (55) chaque premiere partie de moule (1 0) avec une 
25 seconde partie de moule (30) ; 

d) serrer ladite seconde moitie de moule (30) contre ladite premiere moitie de moule (10) k une pression et 
pendant une duree predeterminees afin de definir une cavite de moule de lentille de contact (101) et afin de 
retirertout exces de monomere de ladite cavite (101 ) ; 

e) polymehser ledit monomere ou melange monomere dans ladite cavite (101) apres que lesdites premiere 
30 et secondes moities (10, 30) sont serrees ensemble a I'aid d'energie rayonnante ; et 

f) retirer au niveau d'un poste de demoulage automatise (90) ladite seconde partie de moule (30) et tout exces 
de monomere de ladite premiere partie de moule (10) et de ladite lentille de contact moul6e. 

97. Procede selon la revendication 96, dans lequel : 

35 

I'etape de polymerisation du monomere ou du melange monomere comprend les etapes consistant k : 

1) exposer ledit monomere ou melange monomere serr6 k une source d'energie rayonnante (314) pour 
predurcir la lentille jusqu'& une consistance semblable k celle d'un gel et initier la polymerisation dans la 

40 lentille ; et 

2) polymeriser et durcir ledit monomere ou melange monomere dans ladite cavite (101) apres que ladite 
lentille a ete predurcie. 

98. Procede selon la revendication 96 ou la revendication 97, comprenant en outre I'etape consistant k mouler des 
45 premieres et secondes parties de moule (10, 30) pour la production d'ebauches de lentilles de contact souples 

dans des premier et second postes de moulage automatis6s (101a, 101b). 

99. Procede selon la revendication 96, 97 ou 98 comprenant en outre I'eta consistant a degazer le monomere ou le 
melange monomere avant de remplir la premiere partie de moule (10). 

50 

100. Procede selon la revendication 96, 97 ou 98, comprenant en outre I'etap consistant k transporter lesdites parties 
de moule (10, 30) dans une atmosphere inerte pour empecher I'absorptio d'oxygene par celles-ci. 

101. Procede selon la revendication 100, comprenant en outre I'etap consistant k mouler des ensembles desdites 
55 premieres et secondes parties de moule (10, 30) a une temperature d'au moins 450 degr6s F dans un cycle de 

temps allant de 3 k 12 secondes. 

102. Procede selon la revendication 101 , comprenant en outre I'etap consistant k transferer lesdits ensembles moules 
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de ladite etape de moulage vers ladite etape de transport dans une atmosphere inerte dans un intervalle de 15 
secondes apr&s la fin de ladite 6tape de moulage. 

103. Procede selon la revendication 96, 97 ou 98, dans lequel ledit proced6 comprend en outre l'6tape consistant a 
5 serrer lesdites parties de moule (10, 30) ensemble dans ladite etape d'assemblage dans des conditions de vide 

afin d'asseoir fermement et d'aligner les parties de moule. 

104. Procede selon la revendication 96 ou 97 ou 98, comprenant en outre I'etap consistant h former chaque partie de 
moule avec un element formant bride (18, 36), puis a revetir la bride (18, 36) de ladite premiere partie de moule 

10 (10) d'un tensioactif avant Passemblage desdites parties de moule (10, 30). 

105. Proced6 selon la revendication 96 ou 97 ou 98, comprenant en outre I'etape consistant & transporter lesdites 
premieres et secondes parties de moule (10, 30), par ensembles, sur des plateaux s6par6s (12). 

15 106.Proced§ selon la revendication 105, dans lequel ladite etape de transport comprend en outre l'6tap consistant k 
intercaler des plateaux (12) avec un ensemble de premieres parties de moule (10) avec des plateaux (12) ayant 
un ensemble de secondes parties de moule (30). 

107. Procede selon la revendication 1 06, comprenant en outre I'etape consistant a ramasser un ensemble de secondes 
20 parties de moule (30) depuis un plateau (12) dans un premier cycle, et a deposer ledit ensemble de secondes 

parties de moule (30) sur lesdites premieres parties de moule (1 0) dans un second plateau (1 2) pendant un second 
cycle pour assembler ledit moule. 

108. Proc6d§ selon Tune quelconque des revendications 96 & 107, dans lequel les parties de moule sont assemblies 
25 sous vide. 

109. Procede selon la revendication 96, 97 ou 98, dans lequel les parties de moule sont transportees dans un environ- 
nement faible en oxygfcne. 
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FIG. 34 
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